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CHAPTER  I 


INTRODUCTION 


This  resource  and  potential  reclamation  evaluation  is  prepared  for 
the  Lay  Creek  study  site  of  northwestern  Colorado.  It  is  a  presentation 
of  the  available  data  gathered  by  the  various  Federal  agencies  involved 
in  the  Federal  Coal  Management  Program  of  the  Department  of  the  Interior. 
This  program  is  the  result  of  a  need  to  not  only  conserve  but  also  to 
develop  our  energy  resources  to  satisfy  the  demand  of  our  society  and  to 
ensure  an  acceptable  nondegradation  of  the  air,  water,  soils,  vegetation, 
and  wildlife  of  affected  areas.  This  demand  and  the  world  energy  crisis 
have  focused  the  attention  of  the  Nation  on  the  bituminous  and  subbitumi- 
nous  coal  resources  existing  in  the  Western  States.  This  attention  is 
due  to  the  abundance,  simplicity  of  extraction,  and  the  high  quality  of 
coal  in  the  Rocky  Mountains  and  the  Northern  Great  Plains  Coal  Provinces. 

The  Department  of  the  Interior  and  principally  the  Bureau  of  Land 
Management  has  the  responsibility  to  provide  the  overall  management  and 
guidance  for  acceptable  reclamation  of  the  lands  subject  to  disturbance 
by  resource  development. 


Purpose 

The  purpose  of  the  study  is  to  assure  adequate  baseline  data  for 
choosing  optimum  reclamation  and  rehabilitation  objectives  and  for  estab- 
lishing appropriate  data  and  interpretations  for  preparation  of  lease 
stipulations  through  site-specific  preplanning  of  surface  mining  and 
reclamation. 


Objectives 

1.  To  analyze  and  quantify  environmental  impacts  from  surface 
mining  of  coal  minerals  in  the  Lay  Creek,  Colo.,  area. 

2.  To  provide  resource  and  impact  information  to  the  leasing 
site  selection  procedures  as  set  forth  by  the  Secretary  of 
the  Interior. 

3.  To  provide  environmental  resource  information  needed  to 
implement  effective  reclamation  and  rehabilitation  pro- 
grams and  for  the  development  of  meaningful  lease  stipula- 
tions as  required  by  the  mined  land  reclamation  program. 

4.  To  provide  resource  and  environmental  impact  information 
to  support  State  and  local  regional  development  and  land 
use  planning  efforts. 
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To  determine  the  present  and  potential  capability  of  the 
surface  soil  and  subsurface  resources  to  produce  and  main- 
tain vegetation  on  known  energy  fuel  deposits. 

To  provide  physical  and  chemical  data  from  which  realistic 
stipulations  may  be  prepared  for  energy  mineral  explora- 
tions, mining,  and  reclamation  plans. 

To  provide  data  needed  in  the  preparation  of  environmental 
impact  statements,  environmental  analysis  records,  and  to 
aid  in  the  review  of  mining  and  reclamation  plans  for 
potential  coal  leasing  activities  in  the  vicinity  of  the 
study  area. 


Authority 

Public  Land  Administration  Act  of  July  14,  1969  (74  Stat.  506), 
Federal  Land  Policy  and  Management  Act  of  1976  (Public  Law  94-579),  and 
Surface  Mining  Control  and  Reclamation  Act  of  1977  (Public  Law  95-87). 


Responsibility 
Bureau  of  Land  Management 

1.  Select  reclamation  study  site,  with  advice  from  the  United 
States  Geological  Survey,  for  the  investigation  of  vegeta- 
tion, soil,  geological  structure,  surface  water,  ground 
water,  and  coal  resources. 

2.  Provide  access  to  study  site;  prepare  and  provide  for 
environmental  clearances  required  to  conduct  the  study. 

3.  Prepare,  coordinate,  issue,  and  monitor  the  execution  of 
work  orders. 

4.  Identify  probable  postmining  land  use  and  present  land 
use. 

5.  Prepare  inputs  to  the  report  covering  wildlife,  cultural 
and  visual  resources,  and  summary  of  regulations  on  mine- 
land  reclamation. 

6.  Provide  technical  support,  guidance,  and  flag  dates  to 
the  other  cooperating  agencies. 

7.  Distribute  technical  data,  reports,  and  reclamation  and 
rehabilitation  recommendations  to  the  Bureau  of  Land 
Management  field  offices. 
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Bureau  of  Reclamation 

1.  Conduct  land  studies,  including  land  classification  for 
determining  suitability  of  soil  and  bedrock  material,  soil 
inventory,  and  laboratory  characterization  program. 

2.  Conduct  core  drilling  operations  for  procurement  of  core 
samples  used  for  the  characterization  and  analysis  of  the 
geologic  overburden  materials. 

3.  Map  surface  geology. 

4.  Prepare  geologic  logs  on  drill  holes. 

5.  Collect  and  submit  to  Bureau  of  Land  Management  or  Geolog- 
ical Survey  coal  samples. 

6.  Where  required  and  as  needed  install  casing  in  drill  holes 
selected  for  ground  water  observation  wells. 

7.  Characterize  and  interpret  data  available  on  soils  and 
overburden  materials  as  well  as  the  substrata  immediately 
below  the  coal  resource  in  relation  to  reclamation  poten- 
tial and  revegetat ion. 

8.  Advise  and  recommend  suitable  plant  species  for  use  in 
areas  to  be  reclaimed. 

9.  Recommend  reclamation  techniques. 

10.    Coordinate,  assemble,  and  print  the  final  report. 

U.  S.  Geological  Survey 

1.  Assess  reclamation  potential  based  on  water  supply. 

2.  Prepare  sediment  yield  data. 

3.  Prepare  erodability  data. 

4.  Determine  rainfall-runoff  relationships  and  analyze  sur- 
face and  subsurface  waters  for  chemical  quality. 

5.  Tabulate  coal  resource  data,  including  resource  estimates 
and  analytical  results. 

6.  Evaluate  effects  of  mining  on  the  area  hydrology  and  down- 
stream areas. 
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Location  and  Setting 

The  Lay  Creek  study  site  is  located  in  northwestern  Colorado, 
approximately  25  miles  northwest  of  Craig,  the  county  seat  for  Moffat 
County.  The  exact  location  is  illustrated  on  Figure  1.  The  study  area 
comprises  approximately  3,645  acres  and  includes  all  or  part  of  sees.  26, 
27,    28,    29,    30,    31,    and   32,   T.    8  N.,    R.    93   W. 

The  site  lies  approximately  6  miles  north  of  Lay,  Colo.  ,  along  a 
main  county  road.  Elevations  range  from  6,400  to  7,000  feet  above  sea 
level.  The  main  surface  drainage  is  via  Lay  Creek  and  its  tributary, 
Bord  Gulch.  The  following  photograph  taken  in  the  study  area  illustrates 
the    local   terrain. 


- 


View    looking  west    across   Lay  Creek   showing   the 
alluvial    bottoms    and   sloping   mesa    lands. 


Historical   Perspective 


The  early  European  explorers  found  northwestern  Colorado,  including 
the  Lay  Creek  area,  occupied  by  the  Ute  Indians.  The  first  historic 
exploration  of  the  area  was  by  the  Dominguez-Escalant  e  Expedition  in 
1776.  This  expedition  entered  northwest  Colorado,  but  only  as  far  north 
as    the   White   River   Valley    south    of  Lay   Creek    and   the  Yampa  River  Valley. 
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Following  the  Dominguez-Escalante  expedition,  white  men  entered 
northwestern  Colorado,  initially  for  the  fur  trapping  industry.  In  1824, 
William  Ashley,  Jim  Bridger,  Thomas  Fitzpatrick,  and  Milton  Sublette  came 
down  the  Yampa  River  Valley,  and  trapping  flourished  until  the  early 
1840's  when  the  fur  trade  became  unprofitable. 

The  early  explorers  described  the  area  as  of  little  use,  and  it  was 
not  until  the  gold  rush  days  in  the  late  1850' s  that  settlers  began  mov- 
ing into  northwestern  Colorado.  During  the  early  1860's  and  70's,  the 
few  scattered  settlers  in  northwestern  Colorado  did  not  threaten  the 
Indians'  use  of  their  lands.  In  1868  the  White  River  Agency  was  estab- 
lished to  educate,  civilize,  and  Christianize  the  Ute  Nation.  Following 
the  Meeker  Massacre  in  September  1879,  the  Indians  were  removed  from 
northwestern  Colorado  and  the  land  opened  for  homesteading.  Settlement 
quickly  occurred  along  the  Yampa  River  including  the  Lay  Creek  area. 
Soon  after  the  homesteaders,  cattlemen  moved  into  the  area  and  the  cattle 
industry  boomed.  In  the  early  1890' s  sheep  were  introduced  into  the  area 
with  the  resultant  conflicts  between  cattlemen  and  sheepmen.  These  con- 
flicts were  resolved,  and  the  livestock  industry  remains  the  mainstay  of 
the  economy  and  politics  to  the  present  day. 

The  coal  resources  of  the  area  were  noted  early  during  its  settle- 
ment. In  the  early  1900's  a  commercial  coal  mine  was  operated  south  of 
Lay,  Colo.,  and  in  1907  the  Blevins  mine  on  the  study  site  was  operated 
to  fill  local  needs.  At  the  present  time  no  coal  is  mined  near  or  on  Lay 
Creek. 


Land  and  Mineral  Status 


Most  of  the  lands  within  the  study  site  are  in  private  ownership. 
Surface  ownership  is  controlled  principally  by  four  private  ownerships 
and  the  Bureau  of  Land  Management. 

Mineral  rights  are  controlled  by  the  Federal  Government  and  adminis- 
tered by  the  Bureau  of  Land  Management.  Figure  2  illustrates  the  land 
and  mineral  status  of  the  study  area. 

Table  1  is  a  summary  of  land  status  by  ownership. 

Table  1 
Surface  ownership  land  status 
(acres) 


Section 

Ownership 

26 

27 

28 

29 

30 

31 

32 

Total 

Private 
Federal 

200 
440 

480 
160 

440 
200 

310 
170 

510 
120 

430 
40 

145 

2,515 
1,130 

Total 

640 

640 

640 

480 

630 

470 

145 

3,645 

R.94W    R.  93  W. 


Federal  Lands  -  Federal  Minerals 
Federal  Lands  -  Non- Federal  Minerals 
State  Lands  -  State  Minerals 
Private   Lands  -  Federal  Minerals 
Private  Lands  -  Private  Minerals 
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Present  Land  Use 

The  lands  in  the  Lay  Creek  study  site  are  an  important  part  of  the 
Lay  Creek  watershed  area.  Present  land  use  is  principally  rangeland 
utilized  by  wildlife  and  livestock.  Other  than  grazing,  important  uses 
include  cropland;  both  irrigated  and  dryland  farming;  hunting;  and  other 
recreation  uses,  both  summer  and  winter. 

Authorized  livestock  use  on  the  study  site  is  permitted  under  graz- 
ing leases  on  approximately  1,130  acres  administered  by  the  Bureau  of 
Land  Management.  Land  use  on  private  lands  includes  livestock  grazing, 
cropland,  both  dryland  small  grains  and  alfalfa,  and  surface-  and 
subsurface-irrigated  alfalfa,  and  meadow  grasses  for  hay 

Wildlife  use  includes  habitat  for  deer,  antelope,  and  small  upland 
game  species.  The  limited  recreational  use  includes  hunting  in  season 
and  some  winter  sports  such  as  snowmobil ing .  Access  is  restricted  into 
much  of  the  area  due  to  private  surface  ownership,  and  fees  for  hunting 
have  become  a  source  of  income  for  many  landowners  in  the  area 


Climate 

General 

The  Lay  Creek  study  site  is  situated  in  the  western  Colorado  semi- 
arid  region.  The  site  climate  is  highland  continental. 

Colorado  is  in  the  zone  of  westerly  winds  aloft  which,  depending 
upon  the  length  of  their  sojourn  over  the  Pacific  Ocean,  carry  varying 
amounts  of  moisture. 

Thousands  of  miles  from  any  major  sources  of  moisture,  precipitation 
is  generally  light  in  the  lower  elevations,  as  large  amounts  of  moisture 
are  drawn  off  the  air  masses  as  they  cross  major  mountain  ranges  to  the 
west.  The  air  is  again  cooled  as  it  is  lifted  orographically  over  the 
mountains  and  gives  up  much  of  its  available  moisture  in  the  form  of  snow 
west  of  the  Continental  Divide  during  the  winter  months.  This  air  during 
the  summer  months  gives  cool  temperatures  and  scattered  afternoon  thunder 
showers  typical  of  western  Colorado. 

Climate  for  the  site  is  affected  by  differences  in  elevation  and 
less  directly  by  the  orientation  of  the  mountain  ranges  and  valleys  with 
respect  to  prevailing  air  movements. 
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The  rugged  topography  of  western  Colorado  causes  large  variations  in 
climate  within  short  distances.  The  Lay  Creek  study  site  lies  almost 
equidistant  (14  miles)  from  the  towns  of  Maybell,  Colo.,  and  Craig, 
Colo.,  for  which  long-term  climatic  data  exist.  Average  annual  precipi- 
tation data  show  an  increase  of  2.3  inches  from  Maybell  (elevation, 
5,920  feet)  to  Craig  (elevation,  6,440  feet),  a  distance  of  only  28  miles 
with    an   increase   in   elevation   of  520    feet. 

Craig  weather  of  past  years,  which  constitutes  climate,  should  be  an 
adequate  guide  to  conditions  during  the  next  decade  in  the  Lay  Creek 
site.  Precipitation  values  can  be  expected  to  run  somewhat  higher  at 
the  site  than  the  values  given  for  Craig  in  this  report  because  of  the 
difference    in   elevation 

Temperature 

Seasonal  mean  temperatures  for  Craig,  Colo.,  are  57°  F  for  the 
summer  (April-September)  season  and  28°  F  for  the  winter  (October-March) 
season.  There  is  a  possibility  of  below  freezing  temperature  in  the 
Craig  area  year  round  and  a  chance  of  greater  than  95°  F  temperature  in 
the  midsummer   months    of  June,    July,    and  August. 

Plant  response  to  temperature  is  indexed  by  high  and  low  tempera- 
tures that  stop  growth  and  an  optimum  temperature  for  greatest  growth. 
These  cardinal  temperatures  vary  with  plant  species  and  developmental 
stage. 

Careful  selection  of  revegetation  species  will  need  to  be  made. 
Daily  temperature  variations  and  also  diurnal  variations  may  exhibit 
large  ranges  that  could  seriously  affect  sensitive  species  during  seed- 
ing,     emergence,      transplanting,      flowering,      and     seed     dispersal     stages. 

Growing  season 

The  effective  growing  season  can  be  approximated  by  the  frost-free 
period,  which  is  from  early  May  to  late  September  (149  days)  and  the 
period  of  mean  monthly  temperature  greater  than  32°  F,  which  is  from  late 
March   to  mid  November    (237    days). 

The  large  range  is  possible  because  of  the  ability  of  some  plant 
species  to  resist  a  drop  in  temperature  below  the  freezing  level  for 
brief  periods  without  damaging  their  productive  growth  potential.  This 
drop  below  the  freezing  level  is  a  fairly  common  occurrence  during  the 
summer  growing  season  and  should  be  viewed  as  an  important  constraint 
in   species    selection. 

The  ability  of  certain  vegetation  species  to  withstand  below  freez- 
ing temperatures  allows  a  closer  approximation  of  the  growing  season. 
Using  a  7-day  running  mean,  temperatures  (50  percent  probability)  at 
Craig  have   stayed   for: 
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182  days  above  40°  F,  from  April  25  to  October  24; 
212  days  above  35°  F,  from  April  10  to  November  7;  and 
239  days  above  30°  F,  from  Marcb  26  to  November  20. 

Tbe  period  using  the  40°  F  threshold  temperature  is  generally  con- 
sidered to  be  a  better  approximation  of  the  effective  growing  season,  as 
active  growth  for  many  temperate  plants  occurs  when  the  average  air 
temperature  remains  above  40°.  This  appears  reasonable  as  it  falls 
within  the  range  of  the  frost-free  period  and  the  period  of  mean  monthly 
temperature  greater  than  32°  F. 

Precipitat  ion 

Lay  Creek  study  site  is  in  a  semiarid  region  west  of  the  Continental 
Divide  which  receives  less  than  16  inches  of  precipitation  annually. 

The  basic  mechanisms  for  producing  precipitation  in  the  study  site 
area  are  (1)  large-scale  organized  storm  systems  which  occur  in  the 
winter  and  spring  seasons,  (2)  orographic  lifting  which  occurs  during  the 
same  seasons  when  the  prevailing  westerly  flow  aloft  is  the  strongest, 
and  (3)  convective  thunderstorm  activity  which  is  the  dominant  mechanism 
during  midsummer  when  large-scale  atmospheric  circulation  is  weak  but 
solar  insulation  and  heating  are  strong. 

The  precipitation  in  the  region  increases  from  the  western  part  of 
Colorado  to  the  mountain  ranges  of  the  divide  as  the  elevation  increases. 
At  three  stations  in  the  site  area  (from  west  to  east,  respectively), 
annual  precipitation  amounts  are  Maybell,  Colo,  (elevation  5,920  feet), 
11  inches;  Craig,  Colo,  (elevation,  6,440  feet),  13.3  inches;  and  Hayden, 
Colo,  (elevation,  6,375  feet),  15.5  inches. 

Elevation  is  the  controlling  factor  as  far  as  differences  in  the 
precipitation  regimes  are  concerned.  Topographic  features  of  the  three 
stations  are  comparable,  as  are  the  slope  and  aspect. 

Extrapolation  of  available  precipitation  data  to  the  study  site  area 
yields  approximately  14.5  inches  annual  precipitation. 

Monthly  precipitation  by  season  for  Craig  is  7.2  inches  in  the 
summer  (April-October)  and  6.1  inches  in  the  winter  (October-March). 

Considerable  variability  of  both  annual  and  seasonal  precipitation 
occurs.  The  greatest  total  annual  precipitation  for  Craig  (1951-75) 
occurred  in  1957  with  18.7  inches;  the  lowest  occurred  in  1958  with 
7.4  inches. 

This  extreme  difference  in  year-to-year  precipitation  causes  con- 
siderable problems  in  revegatation  efforts.  Plants  chosen  for  revege- 
tation  must  be  able  to  tolerate  these  extreme  conditions. 

The  inconsistency  of  precipitation  may  cause  severe  setbacks 
to  vegetation  as  the  requirements  of  moisture  change  with  the  plant 
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developmental  stages.  For  example,  plants  that  germinate  in  the  spring 
with  an  ample  supply  of  moisture  may  face  periods  in  June  or  July  of  near 
drought  conditions  with  little  or  no  rain  for  weeks  that  would  cripple  or 
kill  many  plants. 

Precipitation  intensity  during  the  summer  months  will  rarely  have 
events  greater  than  1.0  inch.  In  the  years  of  record  (1948-75)  there  has 
been  an  average  maximum  of  1  day  per  month  with  precipitation  greater 
than  1  inch  for  the  months  April  through  December  and  no  events  of  1-inch 
precipitaion  in  the  months  of  January  through  March. 

Water  erosion  of  topsoil  should  not  be  a  significant  problem  in 
reclamation  efforts.  Although  potential  is  high  in  the  summer  months  for 
large  convective  thunderstorms,  cloudburst  events  rarely  occur.  At  no 
time  in  the  28  years  of  record  has  there  been  a  precipitation  event 
greater  than  2  inches  in  a  single  day. 

Annual  snowfall  is  69.1  inches,  40  percent  of  which  falls  during 
January  and  February.  Snow  depth  is  typically  a  foot  or  less  but  can  be 
as  great  as  2  feet.  There  is  a  76  percent  chance  of  1  inch  or  more  of 
snow  on  the  ground  from  December  to  March.  While  this  is  not  a  heavy 
snow  cover,  it  will  still  provide  some  protection  for  vegetation  through 
the  midwinter  months.  There  should  be  sufficient  amounts  of  snow  and 
wind  at  the  site  to  apply  snow  management  techniques  that  would  increase 
the  snowpack,  delay  spring  melting,  and  increase  soil  moisture  availa- 
bility into  late  spring  and  summer. 

Other  climatic  elements 

Data  on  wind,  solar  radiation,  and  evaporation  are  lacking  at  sta- 
tions in  the  area  of  the  study  site,  so  a  detailed  analysis  cannot  be 
supported.  Some  general  comments  can  be  made,  however.  Prevailing  wind 
direction  during  the  winter  and  spring  months  is  from  the  west  and  north- 
west. Occasional  gusting  wind  in  winter  can  occur,  resulting  in  high 
drifts  and  windblown  bare  spots,  depending  on  topography  and  protection. 
Wind  conditions  during  the  summer  and  fall  seasons  are  calmer  with  wind 
direction  more  dependent  on  topography  and  mountain-valley  wind  systems. 

Little  is  known  about  the  winter  solar  radiation  averages  and  varia- 
tions for  the  site;  but  for  the  summer  months,  cloudiness  and,  therefore, 
solar  radiation  is  very  similar  across  all  of  Colorado.  On  a  typical 
midsummer  day,  solar  radiation  total  should  equal  about  60  percent  of  the 
extraterrestrial  radiation.  For  June  21  this  would  equal  about  2,300  Btu 
per  square  foot  per  day  of  solar  energy  reaching  a  horizontal  surface  at 
the  study  site. 

Maximum  evaporation  rates  occur  in  midsummer  when  temperatures  are 
highest.  Average  annual  evaporation  (from  shallow  lakes)  at  the  Lay 
Creek  site  is  approximately  36  inches. 
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Physiography,  Relief,  and  Drainage 

The  Lay  Creek  study  site  is  located  in  the  southern  part  of  the 
Wyoming  Basin  Physiographic  Province  of  the  Rocky  Mountain  Region.  The 
Wyoming  Basin  covers  approximately  40,000  square  miles  in  southern 
Wyoming  and  northwestern  Colorado.  It  has  maximum  east-west  and  north- 
south  dimensions  of  approximately  250  miles.  Elevations  of  the  plateau 
surface  are  generally  between  6,300  to  7,100  feet  above  sea  level.  The 
basin  is  bordered  for  the  most  part  by  abrupt  mountain  slopes  on  the 
north  and  south.  It  is  indented  by  long  spurs  and  studded  by  isolated 
mountain  peaks.  Through  openings  between  the  Big  Horn  and  Laramine 
Mountains  on  the  east  and  the  Uinta  Mountains  on  the  west,  the  Wyoming 
Basin  is  continuous  with  the  Great  Plains  and  Colorado  Plateau  Provinces. 

The  southern  part  of  the  basin  is  characterized  as  a  large  rolling 
prairie,  broken  up  by  hogback  ridges,  cuestas,  and  steep,  eroded  escarp- 
ments. Mild  folding  has  effected  the  topography  in  the  area  of  the  study 
site,  and  broad  areas  of  mild  relief  are  separated  or  interrupted  by 
scarps  and  dissected  cuestas.  Major  land  forms  include  narrow  alluvial 
valleys  or  creek  bottoms,  eroded  badland  areas  with  steep  escarpments, 
mesas,  and  gently  rolling  hills. 

The  natural  drainage  system  is  Lay  Creek  and  its  major  tributary, 
Bord  Creek.  Lay  Creek  flows  south  and  southwest  across  the  study  site 
and  has  its  confluence  with  the  Yampa  River  some  12  miles  downstream 
near  Maybell,  Colo.  The  Yampa  is  a  major  tributary  of  the  Green  River 
drainage. 

The  topography  of  the  area  is  rough  and  rolling  and  is  illustrated 
in  Figure  3  on  page  14.  Lay  Creek  bottom  lands  are  narrow,  from  a 
quarter  to  less  than  a  half  mile  wide,  and  gently  sloping.  Hills  and 
footslopes  are  steep  and  eroded  with  a  40-foot  vertical  escarpment  form- 
ing the  mesa  rim.  The  moderately  sloping  mesas  and  cuestas  are  usually 
on  north  exposures  while  the  breaks  and  badlands  have  southern  exposures. 
The  photographs  on  the  following  page  illustrate  the  bottom  lands  and  the 
badland  topography. 


Geology 

The  study  area  is  located  on  the  north  flank  of  the  Mud  Spring 
Anticline  in  the  southern  part  of  the  Wyoming  Basin  Physiographic  Prov- 
ince of  the  Rocky  Mountain  system.  The  anticlinal  axis  trends  approxi- 
mately N.  50°  W.  The  study  area  is  characterized  by  gentle,  north 
sloping  mesas  and  well  incised  drainages.  Elevations  within  the  site 
range  from  6,400  to  7,000  feet. 

Regional  geology 

Exposed  rocks  in  the  study  site  are  sedimentary  in  origin  and 
consist  almost  entirely  of  Tertiary  Age  formations.   A  generalized 
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stratigraphic  section  of  these  sedimentary  rocks  is  shown  on  Figure  4 
(from  Plate  No.  18,  USGS  Bulletin  1027).  Formation  beds  within  the  area 
strike  approximately  N.  85°  E.  and  dip  gently  northward  from  the  axis  of 
the  anticline.  Older  formations  of  Upper  Cretaceous  Age  underlie  the 
site  at  depth  and  are  exposed  immediately  south  of  the  site.  The  upper- 
most Cretaceous  unit,  the  Lance  Formation,  consists  of  interbedded  gray 
shale;  tan  to  light  brown,  soft,  fine-grained  sandstone;  and  a  few  coal 
beds.  The  formation  is  about  1,050  to  1,500  feet  thick  and  is  succeeded 
northward  by  progressively  younger  rock  members. 

The  Fort  Union  Formation  unconformably  overlies  the  Lance  Formation 
as  encountered  by  drill  holes  DH-1  through  DH-4.  The  Fort  Union  Forma- 
tion consists  of  interbedded  sandstones,  siltstones,  shale,  and  coal. 
The  properties  of  the  sandstone  varied  considerably  within  each  hole, 
ranging  from  fine-  to  medium-grained,  poorly  to  well  sorted,  and  weakly 
to  moderately  well  cemented.  Some  intervals  were  very  porous  and  crum- 
bly. Locally,  the  Fort  Union  Shale  contains  leaf  and  invertebrate  fossil 
remains.  Two  of  the  coal  seams  found  in  the  upper  portion  of  the  forma- 
tion, the  Emerson  and  Blevins  seams,  are  locally  quite  thick  and  are  of 
economic  importance.  As  indicated  by  drill  hole  data,  the  Blevins  seam 
ranges  from  10.0  to  14.5  feet  thick.  Although  Bureau  of  Reclamation 
drill  holes  were  not  deep  enough  to  penetrate  the  Emerson  seam,  geologic 
literature  indicates  that  the  seam  ranges  from  approximately  10  to  25 
feet  thick.  The  Fort  Union  Formation  is  estimated  to  be  as  much  as 
1,400  feet  thick. 

The  Wasatch  Formation  unconformably  overlies  the  Fort  Union  Forma- 
tion and  crops  out  in  the  northwest  quarter  of  the  study  area.  It  con- 
sists of  brown,  coarse-grained  sandstone,  interbedded  with  gray  and  red 
shale. 

A  map  showing  the  geologic  formations  and  drill  hole  locations 
within  the  Lay  Creek  study  site  is  presented  on  Figure  5.  The  map  was 
adapted  from  E.  T.  Hancock,  USGS  Bulletin  757.  Figure  6  includes  a  geo- 
logic section  of  coal  beds  in  the  Lay  Creek  area.  Information  from  USGS 
drill  holes,  LSE-1  through  LSE-4,  was  added  to  clarify  the  section.  For 
additional  information  concerning  these  drill  holes,  see  Appendix  A  and 
USGS  Open-File  Report  78-365,  by  Michael  E.  Brownfield. 

Geologic  investigations 

Four  Nx-size  (3-inch-diameter)  core  holes,  designated  DH-1  through 
DH-4,  were  drilled  at  the  Lay  Creek  site  by  the  Bureau  of  Reclamation. 
Hole  depths  ranged  from  200.0  to  303.4  feet. 

The  holes  were  drilled  using  a  skid-mounted  Sprague  and  Henwood 
drill  using  recirculated  clear  water  as  the  drilling  medium.  The  photo- 
graph on  page  19  shows  the  drill  rig  on  the  Lay  Creek  site. 
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Cored  materials  were  recovered  with  wire-line  equipment.  Temporary 
Nx  casing  was  used  through  overburden  soil  and  weathered  rock  near  the 
surface.  Additional  casing  was  required  in  drill  hole  DH-2  when  very 
weakly  cemented  sandstone  was  encountered  at  152.0  feet.  Casing  was 
installed  to  156.0  feet  before  drilling  resumed.  All  temporary  casing 
was  removed  from  the  holes  after  drilling  was  completed. 

Upon  completion  of  the  drilling,  recovered  materials  were  logged  by 
a  Bureau  of  Reclamation  geologist.  All  coal  core  samples  were  sealed  in 
plastic  bags  immediately  after  removal  from  the  core  barrel  and  were 
shipped  to  the  Geological  Survey  in  Denver  for  analysis.  The  remainder 
of  core  samples  was  shipped  to  the  Bureau  of  Reclamation  Soils  Laboratory 
in  Salt  Lake  City,  Utah,  for  complete  soil  analysis. 

Drill  holes  DH-1  through  DH-3  were  temporarily  left  open  for  geo- 
physical logging  by  the  Geological  Survey.  The  holes  were  later  sealed 
at  the  surface  with  a  grout  plug.  Hole  DH-4  encountered  artesian  flows 
and  at  the  request  of  the  Geological  Survey  was  completed  as  a  ground 
water  observation  well.  'There  were  264.5  feet  of  2-inch  PVC  pipe,  the 
bottom  80  feet  perforated,  installed  in  the  hole  and  grouted  at  the  sur- 
face. The  drill  hole  was  marked  at  the  surface  with  a  5-foot  steel  post 
to  facilitate  relocating  the  site.  Representative  samples  of  the  major 
sandstone  units,  recovered  from  DH-4,  were  submitted  to  the  Geological 
Survey,  Water  Resources  Division,  in  Denver,  for  porosity  and  permea- 
bility tests. 
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The  geologic  logs  of  drill  holes  DH-1  through  DH-4  are  included  in 
Appendix  A  on  pages  93  through  103. 

Engineering  geology  and  physical  properties 

The  shales,  siltstones,  and  sandstones  of  the  Wasatch  and  Fort 
Union  Formations,  which  constitute  overburden,  are  weakly  cemented  to 
firm  except  for  minor,  scattered  thin  beds  containing  concretions  of 
hard,  well  cemented  siltstone  and  sandstone.  All  excavation  would  be 
classed  as  common,  although  blasting  would  facilitate  excavation  of  some 
horizons. 


Coal  Resources 

Geologic  history 

During  much  of  Cretaceous  Time,  the  Sand  Wash  Basin  was  the  site  of 
marine  deposition.  By  Late  Cretaceous  Time,  sands  from  the  west  progres- 
sively pushed  the  strand  line  eastward.  The  Mesaverde  Group  and  Lance 
Formation  are  the  result  of  sedimentation  along  the  margins  of  regressing 
and  transgressing  Cretaceous  seas.  The  Lewis  Shale,  which  overlies  the 
Mesaverde  Group,  represents  a  wedge  of  Marine  Shale  in  the  predominantly 
nonmarine  Upper  Cretaceous  of  northwest  Colorado.  Toward  the  end  of 
Cretaceous  Time,  the  foreland  began  to  rise  and  the  sea  withdrew  slowly 
toward  the  north  and  east. 

During  the  deposition  of  the  continental-fluvial  Lance  Formation, 
the  streams  flowed  eastward  through  the  basin  (Masters,  1961,  p.  127). 
As  the  foreland  continued  to  rise  in  the  west  until  it  was  an  active 
positive  area,  the  Parks  Range,  to  the  east  of  the  study  area,  had  risen 
also.  The  uplift  of  the  Parks  Range  resulted  in  northward  diversion  of 
the  drainage  system.  One  large  river  system  was  established  which  flowed 
north,  probably  from  the  Sawatch  Range  (Tweto,  1975,  p.  17).  Another 
smaller  one  flowed  east  (probably  from  the  Uintas),  joining  the  larger 
system  in  the  center  of  the  Sand  Wash  Basin  (Colson,  1969,  p.  124). 

The  uplift  of  the  Parks  Range  led  to  erosion  along  the  basin  edges 
and  deposition  of  the  Fort  Union  Formation  in  the  central  and  northern 
part  of  the  Sand  Wash  Basin.  An  extensive  basal  conglomerate  marks  the 
uplift  of  the  Parks  Range  and  the  beginning  of  Paleocene  deposition.  The 
broad  distribution  of  sandstones  in  the  lower  Fort  Union  indicates  that 
the  early  streams  were  braided  and  had  low  sinuosity.  The  early  streams 
ranged  widely  across  the  basin.  Increase  in  sinuosity  of  Fort  Union 
streams  through  time  brought  about  initial  stabilization  of  the  stream 
meander  belts  and  caused  the  formation  of  extensive  flood  basins  in  which 
coal  and  thick  deposits  of  silt  and  clay  developed. 

Deposition  of  the  Fort  Union  Formation  ended  in  the  early  Eocene 
when  renewed  tectonic  activity  caused  the  uplift  of  the  White  River 
Plateau  and  Uinta  Mountains  (Tweto,  1975,  p.  3).   Again  the  margins  of 
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the  Sand  Wash  Basin  were  eroded  and  coarse  sediments  of  the  Wasatch 
Formation  were  deposited. 

Coal  geology 

Within  the  study  area,  the  Fort  Union  Formation  contains  three  coal 
zones  with  economic  coal  beds.  The  lower  zone  contains  several  coal  beds 
up  to  10  feet  in  thickness.  The  middle  zone  contains  one  very  thick  coal 
bed  called  the  Emerson  bed.  The  Emerson  bed  can  be  correlated  across  the 
entire  study  area  using  the  drill  hole  data  and  surface  measurements  (see 
pages  106  and  111  in  Appendix  A).  The  coal  bed  ranges  in  thickness  from 
about  10  feet  at  the  east  end  to  over  25  feet  to  the  west  of  the  study 
area.  The  coal  bed  averages  over  20  feet  over  most  of  the  study  area. 
The  upper  coal  zone  consists  of  the  Blevins  bed  found  in  the  upper  part 
of  the  formation.  The  Blevins  bed  ranges  in  thickness  from  6.5  feet  to 
15  feet  but  generally  is  over  10  feet  thick  in  the  study  area  (Figure  7). 
Coals  found  in  the  Fort  Union  Formation  are  considered  to  be  subbitumi- 
nous  in  rank. 

Coal  resources  within  the  Lay  Creek  study  area  were  calculated  for 
the  upper  two  coal  zones.  Both  the  Emerson  and  the  Blevins  coal  beds 
resources  have  been  tabulated  in  the  demonstrated  category  of  geologic 
assurance.  The  demonstrated  category  includes  the  subdivisions  measured 
and  indicated  which  are  based  on  the  nearness  of  the  coal  to  a  measure- 
ment of  the  coal  bed  and  on  the  geologic  evidence  and  projection. 

Measured . — Coal  for  which  estimates  of  the  rank,  quality, 
and  quantity  have  been  computed  within  an  area  whose  limit  is 
within  1/4  mile  (0.4  km)  of  a  measurement  in  a  drill  hole  or 
surface  measurement. 

Indicated. — Coal  for  which  estimates  of  the  rank,  quality, 
and  quantity  have  been  computed  within  an  area  whose  inside 
limit  is  within  1/4  mile  (0.4  km)  from  the  measurement  and  the 
outside  limit  is  3/4  mile  (1.2  km)  from  the  measurement. 

A  summary  of  the  demonstrated  coal  resources  for  the  Emerson  and 
Blevins  coal  beds  found  within  the  study  area  is  found  in  Table  2. 
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Table   2 

Coal   resources   of   the  Lay  Creek  study   area 

Demonstrated 
Bed  resources!' 
name (tons) 

Area   I 
Blevins  19,610,000 

Emerson  46,920,000 

Area   II 
Blevins  24,280,000 

Emerson 50,860,000 

1_/     Resource   estimates    are   preliminary   and  sub- 
ject   to   revision. 

Soil    and   Overburden  Materials    and 
Major  Land  Categories 

The  major  land  forms  identified  during  the  survey  included  mesas, 
310  acres  or  8  percent  of  the  total  area;  valley  lands,  515  acres  or 
14  percent;  side  slopes,  972  acres  or  27  percent;  and  alluvial  fans, 
170  acres  or  5  percent.  These  land  categories  make  up  1,967  acres  or 
54  percent  of  the  study  area.  Badlands  or  the  rough  eroded  areas  contain 
1,668  acres,  or  46  percent  of  the  study  area.  Not  included  in  the  above 
are  10  acres  delineated  as  rights-of-way.  Figure  8  shows  the  location  of 
the    land    forms. 

Mesas 

There  are  two  types  of  mesas  included  in  this  category.  The  mesa 
lands  east  of  Lay  Creek  (260  acres)  are  of  the  cuesta  type,  while  the 
mesa  west  of  Lay  Creek  (50  acres)  represents  an  elevated  plateau.  East 
of  Lay  Creek,  the  upper  southern  elevations  begin  at  the  top  of  precipi- 
tous cliffs  or  badlands  with  very  little  soil.  The  mesas  then  slope  to 
the  north  with  single  slopes  between  10  and  16  percent.  The  mesa  west  of 
Lay  Creek  has  precipitous  cliffs  on  its  eastern  boundary  and  slopes  to 
the    west    and    northwest    with    gradients    of    between   2    and    10    percent. 

Generally,  soils  on  the  mesa  lands  east  of  Lay  Creek  are  over 
120  inches  deep.  A  typical  soil  profile  representative  of  the  eastern 
mesa    lands    is    described   below. 

0-6    inches  Brown/dark   brown    (10YR  4/3)    dry, 

loam,  dark  brown  (10YR  3/3) 
moist;  moderate  granular  struc- 
ture; loose,  nonsticky,  and 
nonplastic. 

6-30    inches  Brown    (10YR  5/3)    dry,    clay    loam, 

brown/dark      brown      (10YR     4/3) 
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moist;  strong  subangular  blocky 
structure;  hard  (dry),  firm 
(moist),  slightly  sticky,  and 
slightly  plastic;  many  roots. 
Distinct   wavy   boundary. 

30-36    inches  Same    as    above    except     for    weak, 

subangular  blocky  structures  and 
many    lime   mycelia. 

36-108    inches  Same    as    6-30     inches    except    for 

massive  structure  and  few  lime 
mycelia.  Few  root  hairs  below 
5    feet. 

The  main  variations  from  the  typical  profile  on  the  eastern  mesa 
areas  include  loam  textures  located  sporadically  in  1-  to  2-foot  depths 
in  the  lower  portion  of  the  profile.  Also,  an  occasional  soil  profile 
below  the  120-inch  depth  contains  some  parent  material  from  weathered 
sandstone,    shale,    or   siltstone. 

The  mesa  soils  west  of  Lay  Creek  are  generally  less  than  60  inches 
deep.  Surface  textures  range  from  loam  to  clay  loam.  The  colors  above 
12  inches  are  brown  to  dark  brown  (10YR  4/3),  while  below  this  depth  the 
colors  are  a  very  pale  brown  (10YR  7/3).  The  surface  soils  have  a  weak 
platy  to  moderately  granular  structure.  They  have  a  loose,  nonsticky 
consistency  and  are  nonplastic.  The  structure  of  the  soil  below  the 
12-inch  depth  is  strong  subangular  blocky.  It  has  a  hard,  firm,  and 
slightly  sticky  consistency  and  is  slightly  plastic.  Some  roots  are 
found   in   the   6-    to   30-inch   depth.      These   soils    are   derived    from  sandstone. 

Hydraulic  conductivity  rates  for  mesa  soils  were  classed  as  moder- 
ately slow,  0.2  to  0.8  inch  per  hour.  The  water-holding  capacity  is 
rated  as  good,  ranging  between  5  and  8  inches  for  a  4-foot  depth. 
Internal    drainage   appears    to   be   slow   to  medium. 

The  electrical  conductivity  (EC)  of  the  mesa  soils  is  usually  less 
than  4  millimhos  per  centimeter;  however,  some  of  the  west  mesa  soils 
have  EC's  of  over  4  millimhos  per  centimeter  below  the  2-foot  depth,  and 
some  of  the  east  mesa  soils  have  EC's  of  over  8  millimhos  per  centimeter 
below   the  3-foot   depth. 

The  mesa  land  soils  are  highly  suited  for  use  in  surface-mined 
reclamation.  The  soils  are  friable  clay  loams  to  loam  without  serious 
chemical  limitations.  The  mesa  soils  east  of  Lay  Creek,  in  particular, 
are  deep  and  have  the  greatest  potential  for  reclamation  use.  Gravel  may 
be  encountered  at  shallow  depths  in  the  mesa  soils  west  of  Lay  Creek,  but 
it  should  not  pose  a  serious  problem  in  the  use  of  these  soils  as  surfac- 
ing material. 
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Side   slopes 

These  soils  have  a  wide  range  of  characteristics  and  represent  the 
largest  acreage  (972)  of  any  suitable  land  form  in  the  study  area.  The 
topography  varies  from  single  slopes,  gently  undulating  (5  to  8  percent), 
to  single  slopes,  moderately  steep  to  steep  (10  to  20  percent).  Complex 
slopes  (10  to  20  percent)  with  rolling  topography  are  also  found  in  parts 
of  the  east  half  of  the  area.  The  land  bodies  are  mostly  noncontiguous 
with  irregular  shapes.  In  some  instances  they  are  intercepted  by  shallow 
to  deep   erosion   channels. 

The  soils  are  generally  36  inches  to  over  120  inches  deep.  The 
textures  vary  from  sandy  loam  to  clay.  A  typical  profile  taken  on  a 
side  slope   in  sec.    31,   T.    8  N.,    R.    93   W.    is    described   as    follows. 

0-6    inches  Brown    to    dark    brown    (7.5YR   4/4) 

dry,  loam,  yellowish-brown 
(10YR  3/4)  moist;  fine,  weak, 
platy  structure.  Loose  (dry), 
slightly  sticky,  and  slightly 
plastic  (moist);  indistinct 
boundary. 

6-12    inches  Brown    to    dark    brown    (7.5YR  4/4) 

dry,  clay  loam,  (10YR  3/4) 
moist;  moderate  subangular 
blocky;  hard  (dry),  slightly 
sticky,  and  slightly  plastic 
(moist).  Many  roots,  few  cal- 
cium mottles,  residual;  dis- 
tinct  wavy   boundary. 

12-18    inches  Pale    brown    (10YR   6/3)    dry,     clay 

loam,     brown    (10YR    5/3)    moist; 
massive,     hard     (dry),     sticky    and 
plastic    (moist);    few   small    roots, 
many    calcium   mottles,     residual, 
distinct   wavy   boundary. 

18-32    inches  Pale    brown    (10YR   6/3)    dry,     clay 

loam,  brown,  (10YR  6/3)  moist; 
massive  hard  (dry);  sticky  and 
plastic  (moist);  few  small 
roots,  many  calcium  mottles; 
about  50  percent  float  sandstone 
rock;     distinct    wavy    boundary. 

32-40    inches  Greenish-yellow     to     blue     decom- 

posed shale  with  heavy  lime 
concentrations  along  vertical 
fracture    joints. 
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All  features  described  are  fairly  typical  of  all  side  slopeland 
except  for  depth.  Many  hand  auger  borings  have  depths  greater  than 
40  inches. 

The  main  variations  include  an  area  of  clay  soils  with  complex 

rolling  topography  found  in  the  northern  portions  of  sees.  26  and  27. 

Soils  shallow  to  cobble  are  found  sporadically  throughout  the  area. 

Soils  underlain  by  shale  are  typical  for  side  slope  locations  in  sees. 
31  and  32. 

Hydraulic  conductivity  rates  for  these  soils  were  classed  as  mod- 
erately slow,  0.2  to  0.8  inch  per  hour.  The  water-holding  capacity 
is  rated  as  good,  ranging  between  5  and  8  inches  for  a  4-foot  depth. 
Internal  drainage  appears  to  be  slow  to  medium. 

These  lands  have  no  saline  or  sodic  problems  and  the  cation  exchange 
capacity  is  adequate. 

The  side  slopes  are  moderately  well  adapted  for  use  as  topsoil  in 
surface-mined  reclamation.  Most  of  the  soil  textures  are  friable  clay 
loam  without  adverse  chemical  limitations.  Some  soils  contain  cobble  and 
are  shallow.  The  cobble  content,  however,  will  not  seriously  hamper 
planting  efforts  or  reduce  plant  growth.  Those  areas  of  clay  soils  as 
described  above,  if  used,  should  preferably  be  mixed  with  the  other 
surrounding  coarser  textures  for  a  more  suitable  plant  media. 

Valley  lands 

The  valley  lands  are  located  predominantly  east  of  Lay  Creek  at  a 
midpoint  elevation  of  about  6,450  feet  above  sea  level.  Their  highest 
elevation  is  near  6,800  feet  at  the  upper  end  of  Lay  Creek  and  their 
lowest  is  near  6,420  feet.  Most  of  the  valley  lands  in  the  vicinity 
of  Lay  Creek  slope  to  the  south  and  west  with  single  slopes  of  about 
3  percent.  Some  valley  lands  are  located  west  of  Lay  Creek  along  Bord 
Creek  on  the  northern  and  southern  borders  of  the  study  area.  Those  on 
its  southern  borders  have  the  same  slope  characteristics  as  described 
above;  however,  they  are  constricted  by  the  adjoining  higher  lands  and 
thus  occur  as  a  narrower  land  form.  The  valley  lands  on  the  northern 
border  are  disassociated  from  Lay  Creek.  They  slope  to  the  north  and 
northwest  with  complex,  gently  undulating  slopes  of  5  to  8  percent. 
Other  relatively  small  scattered  areas  of  valley  lands  are  located  in  the 
western  portion  of  the  area.  These  areas  have  single  slopes  of  less 
than  8  percent  with  both  southern  and  northern  exposures. 

Most  of  the  valley  land  adjoining  Lay  Creek  and  Bord  Creek  is  being 
farmed,  growing  small  grains  and  alfalfa  both  as  a  dryland  and  an  irri- 
gated crop.   The  bottom  lands  are  subirrigated  and  produce  both  alfalfa 
and  native  grasses  for  hay.   Valley  lands  in  the  northern  portions  of  sec. 
26  and  the  northern  and  central  portions  of  sec.  27  are  also  dry  farmed. 

Most  soils  are  clay  loam  in  texture,  alluvial  in  origin,  and  over 
120  inches  in  depth.   They  are  low  to  moderate  in  organic  matter.   The 
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surface  soils  are  pale  brown  (10YR  6/3)  dry,  to  dark  greyish-brown 
(10YR  3/2)  when  wet.  Brown  (10YR  5/3)  when  dry  is  the  predominant  color 
of  the  subsoil  and  substrata.  Soil  structure  is  weakly  developed  due 
to  its  youthfulness .  The  surface  soils  have  a  weak  to  moderate  crumb 
structure.  Subsoils  are  structureless  or  weakly  developed.  They  are 
moderate  to  highly  calcareous,  nonsaline,  and  nonsodic.  A  few  bright 
rust  mottles  are  at  the  42-inch  depth  on  the  flat  lands  near  Lay  Creek. 
If  required,  these  lands  are  well  suited  for  stock  piling  and  for  use  as 
a  plant  growing  media. 

Alluvial  fans 

Soils  described  in  this  category  total  170  acres  and  are  very 
similar  to  the  valley  lands.  Their  topography  includes  single  slopes 
from  3  to  6  percent.  The  largest  body  occurs  west  of  Lay  Creek  and  east 
of  the  county  road  in  sec.  28.  Another  large  area  is  found  in  sec.  32  on 
the  southeastern  boundary  of  the  classified  area.  The  soils  are  predomi- 
nantly clay  loams  in  texture  and  alluvial  in  origin.  The  soils  between 
Lay  Creek  and  the  county  road  have  soil  depths  over  60  inches.  The 
remaining  alluvial  fan  soils  in  the  west  half  of  the  area  have  suitable 
depths  of  6  to  18  inches.  The  alluvial  fan  soils  predominantly  have  the 
same  color,  structure,  and  consistency  characteristics  as  discussed  for 
the  valley  land  soils.  They  also  have  about  the  same  saline,  sodic, 
hydraulic  conductivity,  and  water-holding  capacity  properties  as  have  the 
valley  lands. 

Soil  consistency  for  the  alluvial  fan  soils  when  dry  is  loose  at  the 
surface  and  hard  to  very  hard  in  the  subsoil.  The  surface  soils  are 
slightly  sticky  to  sticky  and  plastic  to  very  plastic  when  wet.  The 
hydraulic  conductivity  rates  for  these  soils  are  classed  as  slow  to 
moderately  slow,  (0.2  to  0.8  inch  per  hour).  The  water-holding  capac- 
ity is  rated  as  good,  ranging  between  5  to  7.5  inches  for  a  4-foot  soil 
depth.  Internal  drainage  appears  to  be  slow  to  medium.  The  cation 
exchange  capacity  ranges  from  12  to  30  me/100  gm. 

Because  of  the  inherent  soil  chemical  properties,  the  alluvial  soils 
west  of  Lay  Creek  in  sec.  32  are  only  marginally  suited  for  use  as  stock- 
piled plant  media.  Most  of  soils  below  18  inches  become  increasingly 
saline  and  sodic  with  depth.  Electrical  conductivity  rates  ranging 
between  8  and  31  millimhos  per  centimeter  and  exchangeable  sodium  per- 
centages ranging  between  15  and  35  are  common  in  these  soils.  These 
rates  are  excessive  and  the  use  of  this  material  as  topsoil  below  the 
18-inch  depth  should  be  avoided. 

Badlands 

The  badlands  are  scattered  throughout  the  area.  They  represent  the 
steep,  rocky,  eroded  cliff  areas  and  the  saline-sodic,  nearly  barren 
lands  which  are  generally  shallow  to  shale.  Most  of  the  steep,  eroded 
badlands  have  an  eastern  or  southern  exposure,  as  illustrated  in  the 
photograph  on  the  following  page.  The  saline-sodic  badlands  basically 
slope  to  the  north  and  northwest.   Their  single  slopes  vary  from  2  to  15 
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percent.  Complex  slopes  with  slightly  rolling  topography  are  found  in 
the  northern  portion  of  the  badland  area.  These  lands  are  part  of  the 
Bord  Gulch  drainage,  which  is  a  tributary  of  Lay  Creek. 


mii 

Badlands  of  Lay  Creek  site. 

The  steep  rock  cliff  areas,  as  their  name  implies,  have  little  to  no 
soil  mantle.  As  they  descend  from  their  highest  elevation  to  their 
lowest  position,  some  irregular  small  plateaus  with  a  thin  soil  layer  may 
occur.   These  areas  were  too  small  to  delineate. 

The  saline-sodic  soils  vary  from  about  1  to  over  20  feet  in  depth. 
These  soils  are  predominantly  clay  (shale)  throughout.  They  are  struc- 
tureless and  massive  and  have  a  yellowish-brown  (10YR  5/4)  color  when 
dry  to  a  dark  yellowish-brown  (10YR  4/4)  color  when  wet.  The  surface 
0  to  6  inches  are  generally  a  clay  loam  texture,  and  at  times  a  clay  loam 
strata  may  be  found  within  the  upper  20-foot  depth  with  basically  the 
same  soil  colors  as  described  above.  The  main  variations  within  the 
above  are  shallower  soil  profiles  with  more  clay  loam  and  less  clay. 

The  electrical  conductivity  values  for  the  saline-sodic  badlands 
below  a  2-foot  depth  are  excessive,  ranging  between  6.0  and  31.5.  The 
exchangeable  sodium  percentage  (ESP)  rates  for  the  depths  below  3  feet 
are  between  15  and  25  percent.  These  lands  support  little  if  any 
vegetation. 

The  badlands  are  not  suitable  for  topsoil  use  in  surface-mined 
reclamation.  The  soils  of  the  precipitous  cliffs  are  too  shallow  and  the 
saline-sodic  lands  are  too  saline  and  sodic  to  support  good  plant  growth. 
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Land  Suitability  Survey,  Purpose,  and  Specifications 

The  purpose  of  the  land  suitability  survey  was  to  evaluate  and 
classify  lands  in  the  study  area  as  to  their  relative  suitability  as  a 
source  material  for  plant  growing  media.  The  classification  also  recog- 
nizes the  ease  of  stripping,  stockpiling,  and  redistribution  as  factors 
contributing  to  the  suitability  of  the  land  for  reclamation  of  the  strip- 
mined  areas. 

Specifications  were  developed  to  characterize  four  land  suit- 
ability classes  for  the  Lay  Creek  study  site.  The  classification  de- 
scribes and  ranks  three  classes  of  land,  or  soils  bodies,  suitable  for 
strippable,  stockpiled  plant  media  and  one  class  as  unsuitable.  The 
suitability  class  numbers  1,  2,  and  3  correspond  closely  with  the  Bureau 
of  Reclamation's  arable  land  classes  developed  for  irrigation  develop- 
ment. Class  6  denotes  land  areas  unsuitable  for  stripping  for  plant 
growing  media. 

Parameters  used  to  develop  the  suitability  classes  included  soil 
physical  characteristics  such  as  texture,  development,  permeability, 
and  depth.  Soil  chemical  parameters  included  salinity,  sodicity, 
organic  matter  content,  and  any  discernible  toxic  elements  that  restrict 
plant  growth.  Other  considerations  include  slope,  erodibility,  terrain 
limitations,  surface  rock,  and  bedrock  exposures.  The  specifications 
are  presented  in  Table  3. 


Description  of  Land  Suitability  Classes 

Class  1 

Class  1  land  areas  represent  the  best  source  of  strippable  planting 
media.  If  not  surface  mined,  class  1  lands  could  become  a  borrow  area 
source  for  plant  media. 

Class  2 

Class  2  land  areas  have  slight  limitations  and  are  therefore 
slightly  less  suitable  for  planting  media.  The  principal  limiting  factor 
is  usually  soil  depth  with  all  other  physical  characteristics  equal  to 
class  1  lands.  Without  considering  depth,  class  2  lands  may  also  be  of 
lower  quality  due  to  high  salt  content,  lower  water-holding  capacity, 
excessive  or  restricted  permeability,  or  moderate  erosion  susceptibility. 
They  may  also  be  more  difficult  and  expensive  to  strip,  stockpile,  and 
manage . 

Class  3 

Class  3  lands  have  deficiencies  singularly  or  in  combination  that 
restrict  their  suitability  as  planting  media.  They  are  usually  shallow, 
steep,  and  limited  in  size. 
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Land  classifi 

Suitability  of  surface  material 

Bureau  of  Land  Management-Bu 


Table  3 
cation  specifications!' 

s  for  revegetation  of  surface-mined  areas 
reau  of  Reclamation  cooperative  program 


rt 


Class  1 


Class  2 


Soils!/ 
Texture 

Available  water-holding  capacity 
Permeability 


Salinity 
Sodicity 
Erodibility 


Class  3 


Class  6±' 


Depth 


,6/ 


Topographyi 
Slope 

Surface  rocks 
Bedrock  outcrop 


Drainage!' 


Loam  to  light  clay 
>1.75  inches  per  foot 
Adequate  to  provide  a  well 
drained  and  aerated  root 
zone  and  an  infiltration 
rate  adequate  to  prevent 
serious  erosion. 
<  h   millimhos 
<10  ESP4/ 
Subject  to  slight  erosion. 


42+  inches  of  usable  and 
strippable  material. 

< 10  percent 

<  5  percent 

Will  not  affect  stripping  or 
quantity  of  suitable  mate- 
rial. 


Sandy  loam  to  clay 
>1.0  inch  per  foot 
Slightly  excessive  for  medium 

textures  and  restrictive  for 

fine  textures. 


<8  millimhos 
<10  ESP.4-/ 

Susceptible  to  moderate  ero- 
sion. 

>18  inches  of  usable  and 
strippable  material. 

<20    .-cent 

<  5  pt  .cent 

Will  r  nt  affect  stripping  or 
quar.  ;ity  of  suitable  mate- 
rial . 


Fine  sand  to  heavy  clay 
>0.75  inch  per  foot 
Excessive  to  the  extent  that 
special  consideration  should 
be  given  to  depth  of  replace- 
ment media  on  slopes  of  re- 
shaped spoil  banks. 
<12  millimhos 
<15  ESP4/ 
Susceptible  to  severe  erosion 
but  can  be  controlled  with 
proper  management  practices. 

>8  inches  of  usable  and  strip- 
's/ 
pable  material.—' 

<25  percent 

<10  percent 
Numerous  enough  to  reduce  quan- 
tity of  suitable  material  ap- 
preciably and  make  stripping 
expensive . 


1/   Specifications  are  based  on  rainfed  conditions  or  a  minimum  of 

2j     All  areas  not  meeting  the  minimum  requirements  for  classes  1, 
for  revegetation. 

3/   Pertains  to  undisturbed  soil  and  to  minimum  depth  (1.0  foot)  of  soil  redistributed  over  unconsolidated  cast  overburden 

hi      Exchangeable  sodium  percentage. 

5/   The  minimum  strippable  depth  is  considered  to  be  6  inches. 

6/   Topographic  factors  considered  are  related  primarily  to  stripp 

]_/      Because  of  land  alterations  by  surface  mining,  present  drainag 
factor  in  the  classification. 


irrigation  for  starting  plantings  and  maintenance  through  dry  periods. 
2,  or  3.   These  lands  are  unsuited  as  a  source  of  material  (topsoil) 


ing  operations. 

e  conditions,  excepting  the  permeability  of  the  material,  are  not  a 
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Class  6 

Class  6  lands  are  not  suitable  as  plant  growing  media.  This 
includes  the  steep,  eroded,  and  shallow  badlands.  Their  soil  chemical 
properties  may  also  make  them  unsuitable  as  a  planting  media. 

Procedures 

The  study  site  was  evaluated  for  plant  growth  media  suitability 
utilizing  the  specifications  as  described  above.  The  soil  physical  and 
chemical  characteristics,  topography,  and  drainage  for  each  major  land 
form  were  examined  in  sufficient  detail  to  determine  its  class  and 
extent.  The  field  delineations  were  confirmed  by  the  laboratory  data 
from  samples  collected  and  analyzed  for  the  typical  soil  profiles  de- 
scribed during  the  study  and  the  deep  power  auger  holes.  The  land 
classes  or  mapping  units  were  delineated  in  the  field  on  base  maps  with  a 
scale  of  1  to  4800.  A  sample  base  map  is  presented  in  Figure  9.  The 
mapping  symbols  or  legend  developed  for  the  land  classification  is  shown 
in  Figure  10. 

The  soil  investigations  were  accomplished  using  a  truck-mounted, 
18-inch  power  auger  (Texoma)  with  a  depth  capacity  of  25  feet.  Soil 
borings  were  made  to  various  depths,  depending  on  the  depth  to  geologic 
material  and/or  the  drilling  characteristics  of  the  subsoil  materials. 
Additional  soil  borings  were  made  with  a  3.25-inch  hand  auger  where 
necessary  to  give  adequate  data  for  delineating  soil  boundaries. 

There  were  16  power  auger  holes  dug  utilizing  the  Texoma  auger.  In 
addition,  47  hand  auger  borings  were  made.  Three  typical  soil  profile 
pits  were  dug  using  the  Texoma  auger.  These  pits  were  excavated  to 
approximately  4.5  feet  long  by  1.5  feet  wide  and  5  feet  deep.  Genetic 
soil  horizons  were  observed  and  data  collected  to  describe  soils  of  the 
various  land  classes.  These  data  included  soil  color,  texture,  struc- 
ture, and  consistency.  Soil  samples  for  laboratory  analyses  from  each 
horizon  or  significant  texture  break  were  collected. 

Laboratory  methods  and  procedures  used  in  the  screening  tests 
for  soil  samples  are  defined  in  Bureau  of  Reclamation  Instructions, 
Series  510,  Part  117,  "Laboratory  Procedures;"  the  U.S.  Department  of 
Agriculture  Handbook  60;  and  Part  2,  Agronomy  9  "Methods  of  Soil  Analy- 
sis." Screening  tests  were  made  on  118  samples  from  16  Texoma  borings 
and  48  samples  from  13  selected  hand  auger  borings.  A  complete  soil 
analysis  was  run  on  15  samples  from  the  3  typical  soil  profiles.  The 
results  of  these  analyses  are  presented  in  Appendix  C  of  this  report. 

Summary  of  land  classification 

A  total  of  3,645  acres  was  mapped  at  the  Lay  Creek  study  site. 
This  included  1,133  acres  delineated  as  class  1,  representing  31  percent 
of  the  total  area.  The  class  1  lands  are  located  throughout  the  area. 
They  are  about  equally  divided  among  the  mesa,  valley,  and  side  slope 
areas.   The  valley  lands  which  include  the  alluvial  farmland  areas  have 
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Soil  Profile  Symbols 


Land  Use 


Cobble 

Gravel 

Sand 

Loomy  Sand 

Sandy  Loom 

Loam 

Silt  Loam 

Silty  Clay  Loam 

Sandy  Clay  Loam 

Clay  Loom 

Clay 

Silty  Cloy 

Heavy  Cloy 

Mudstone 

Shole 

Sondstone 


C  -Irrigated  cultivated 
P— Irrigated  grassland 
L  — Nonirngated  cultivated 
G -Nonirngoted  grosslond 
B  -Brush  or  timber 
H- Suburban  or  homestead 
I  -Idle 

Mapping  Symbol 

Soil  Deticiency 1  i—  Topography    Deficiency 

Land  Suitability  Class ^    |  I  f Information  Symbols 


Lond  Use- 


~~P3LHSh 


ir 

r—  Inforr 

____«_b 

Underlaying  Geologic  Material 
Next  Significant  Soil  Layer   Texture 


Key   to  Laboratory  Determination 


Hydraulic  Conduct 
fragment   Samples 
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RAW    SOIL    FROM 
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r 
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S3 
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NEARLY    BARREN 

8  T 

j  .-, .' 

SHORT 

SAGEBRUSH 

3t 

B6 

L, 
\ 

c 

86    VEG.    SPARSE    SHORT  - 

87     SACEBRUSH 

flT  TOPOG.       62    SLOPE 

-' 
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Mapping  symbol 

Suitability  land  class 


Land  suitability 


Land  use  (vegetation) 


Suitability  of  surface  layer 


Thickness  in  feet 


Suitability  of  second  layer 


Thickness  in  feet 


Soil  deficiency 


Topography  deficiency 


2   s   t 


L      Lry         2-3         K>ry         SS 


a   g 


Informative  symbols 
Soil  deficiency 

Topography  deficiency 


Geologic  material 


Thickness  of  sampled  geologic  material 


Suitability  of  geologic  material 


Land  suitability  class 

1  Good 

2  Fair 

3  Poor 

6     Unsuitable 
Subclass  deficiency 

s     Soil 

t     Topography 

d     Drainage 
Underlying  geologic  material 

SS    Sandstone 

Sh    Shale 

Ms    Muds tone 
Land  use  (vegetation) 

B     Brush 

C     Irrigated  cultivated 

I     Idle 

L     Nonirrigated  cultivated 

P Irrigated  pasture 


Informative  symbols 
Salinity 

a     Class  2 
Class  3 
Sodicity 

s     Class  2 
Class  3 
Topography 
g 


J 
Soil 
h 
k 
r 
v 


>4  millimhos 
>8  millimhos 

>10  ESP 
>15  ESP 

>10  percent  slope 
moderately  rolling 


Fine  texture 

Shallow  depth  to  gravel/cobble 

Surface  rock 

Coarse  texture 
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the  largest  acreage.  The  predominant  soil  texture  for  class  1  land 
ranges  from  loam  to  friable  clay  loam.  They  are  essentially  free  from 
harmful  accumulations  of  soluble  salts  including  sodium  within  the  depth 
limits  established  for  the  class.  They  are  moderately  permeable  and 
easily  handled. 

Class  2  lands  represent  14  percent  of  the  total  area  or  494  acres. 
They  are  scattered  throughout  the  site.  Subclass  2s  (fine-textured 
soils)  predominates  and  totals  334  acres.  Subclass  2s,  shallow  soils, 
represents  a  small  area  of  about  21  acres.  Subclass  2st,  rocky  soil  and 
steep  slopes,  is  scattered  in  small  tracts  throughout  the  study  site  and 
totals  139  acres. 

Class  3  lands  are  located  predominantly  in  the  northwestern  part  of 
the  study  area  and  represent  approximately  340  acres  or  9  percent  of  the 
study  area.  The  class  3  lands  were  delineated  as  subclass  3s  and  3st. 
Subclass  3s  lands  usually  have  a  rocky  profile  and  limited  soil  depth. 
Subclass  3st  lands  have  fine  soil  textures  and  a  rolling  topography  that 
limit  their  suitability  for  stripping. 

Class  6  lands  represent  46  percent  of  the  area  and  are  scattered 
throughout  the  area.  They  are  usually  defined  in  large  contiguous  blocks 
and  represent  the  steep,  broken,  and  rocky  land  areas.  They  have  shallow 
soils  or  are  barren  sandstone  and  shale  outcrops  unsuitable  as  strippable 
material  for  stockpiling  as  topsoil. 

These  land  classes  are  located  as  shown  in  Figure  11  and  are  tabu- 
lated by  land  class  in  Table  4. 

Table  4 

Acreage  summary  by  land  class 

Land  class Right- 


Section 

1 

2 

3 

Subtotal 

6 

of -way 

Total 

26 

155 

254 

79 

488 

152 

640 

27 

280 

24 

72 

376 

264 

640 

28 

285 

72 

33 

390 

241 

9 

640 

29 

143 

71 

77 

291 

189 

1 

481 

30 

164 

10 

23 

197 

431 

628 

31 

89 

37 

33 

159 

313 

472 

32 

17 

26 

23 

66 

78 

144 

Total 

1,133 

494 

340 

1,967 

1,668 

10 

3,645 

Table  5  is  a  summary  of  land  class  and  subclass  characteristics. 
A  tabulation  of  the  Lay  Creek  land  classification  by  section  and  subclass 
is  presented  in  Table  6. 

Description  of  overburden  material 

Overburden  material  overlying  the  strippable  coal  at  the  Lay  Creek 
study  site  includes  two  geologic  formations — the  Wasatch  and  Fort  Union. 
The  Fort  Union  Formation  consists  of  interbedded  sandstone,  shale,  and 
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Table  5 

Land  class  and  major  subclass  characteristics 

Lay  Creek  Federal  Coal  Management  Program  study  site 


Land  classes 
and  subclasses 


Approximate 
acres 


Major  deficiencies 


Physical 


Important  soil  and 
land  characteristics 


Most  soil  overburden  can  be 
stripped  easily.  Topography 
will  not  hinder  reclamation, 
except  on  class  6st. 


Suitability,  stockpiling, 

placement ,  and  management 

characteristics 


All  classes 


Strip,  transport,  and  stock- 
pile carefully  to  prevent  un- 
planned mixing.   Mix  soils 
carefully  as  necessary  to  im- 
prove poorer  soils.   Prevent 
poorer  soils  from  contaminat- 
ing better  soils.   Protect 
from  erosion  during  and  after 
stockpiling  and  after  revege- 
tation.   Protect  revegetated 
areas  from  grazing  until  re- 
vegetation  is  well  estab- 
lished^  


1,133     None 


Soils  are  deep,  have  good  per- 
meability, adequate  water- 
holding  capacity,  are  medium 
textured,  and  are  nonsaline 
and  nonsodic. 


These  lands  are  best  source  of 
planting  media.   No  special 
management  required. 


11     None 


Coarse  textu 


Soils  have  moderately  coarse 
textures!  vary  in  depth;  have 
good  permeability  and  adequate 
water -holding  capacity  for 
their  class;  and  no  major  salt 
problems. 


Lands  are  a  good  source  of 
planting  media.   Manage  re- 
vegetated  areas  normally. 


2=h 


344     None 


Fine  texture 


Soils  have  fine  textures;  vary 
In  depth;  adequate  permeabil- 
ity and  water-holding  capacity 
for  their  class;  and  no  major 
saline  or  sodic  problems 


These  lands  are  a  good  source 
of  planting  media.  No  special 
management  required. 


Soils  have  gravel  or  cobble; 
vary  in  depth;  good  permeabil- 
ity and  adequate  water-holding 


l=k 


42     None 


Shallow  depth  to  gravel 


capacity  for  thi 
alt  proble 


These  lands  are  a  good  source 
of  planting  media.  No  special 
management  required. 


97     None 


Moderate  slopes  and 
gravel 


Soils  are  gravelly  and  occur 
on  moderate  slopes;  have  good 
permeability  and  adequate 
water.  


Lands  are  good  source  of 
planting  media.   The  topog- 
raphy may  cause  management 
problems 


Subtotal  class  2       494 

59     None 


Shallow  depth  to  gravel 


Soils  are  shallow  over  gravel. 
They  have  good  permeability 
and  low  water-holding  capacity. 


Lands  are  a  fair  source  of 
planting  media.   Coarse  tex- 
tures may  require  special  man 
agement  practices. 


57     Saline  and  sodic 


Permeability  fine  tex- 
ture 


Soil  is  slightly  saline  and 
sodic  and  fine  textured, 
has  slow  permeability  and 
good  water-holding  capacity 


Lands  are  a  fair  source  of 
It       planting  media.   The  slow  per- 
meability will  require  special 
management. 


84     None 


Shallow  depth  to  gravel 
and  moderately  steep 
slope  or  moderately  roll- 
ing topography. 


are  shallo 
and  10  to  20  percent  slope. 
They  have  good  permeability 
and  adequate  water-holding  c 
pacity  for  this 


Lands  are  a  fair  source  of 
planting  media.   The  gravel 
and  topography  will  require 
special  management. 


117     None 


Moderately  steep  slopes; 
fine  texture;  moderately 
rolling  topography. 


oils  are  deep ,  moderately 
rolling,  10  to  20  percent 
slopes ;  fine  textured ;  slow 
permeability  and  good  water- 
holding  capacity. 


Lands  are  a  fair  source  of 
planting  media.   The  slow  per- 
meability and  slopes  require 
special  management  or  place- 


6     Saline  and  sodic 


Shallow  to  gravel;  mod- 
erately steep. 


Soil  is  shallow  to  gravel, 
slightly  saline  and  sodic,  has 
good  permeability  and  adequate 
water-holding  capacity.   They 
are  on  moderately  steep  slopes. 


lands  are  a  poor  source  of 
planting  media.   They  could  be 
mixed  with  better  quality 
soils  if  available.   Some  of 
the  poorer  quality  soils  should 
be  buried  below  the  root  zone. 
If  used  for  revegetation, 
careful  management  will  be  re- 
quired. 


17     Sodic 


Moderately  steep;  rolling 
topography. 


Soil  is  medium  textured  with 
fine- textured  underlying 
layers;  sodic;  has  slow  per- 
meability; good  water-holding 
capacity  on  moderately  steep, 
moderately  rolling  topography. 


Lands  are  a  poor  source  of 
planting  media.   Some  of  the 
poorer  quality  soil  should  be 
buried  below  the  root  zone  or 
or  mixed  with  better  soils. 
The  topography  may  make  stock- 
piling  difficult. 


Subtotal  class  3 


6s 

11 

None 

Shallow  depth 

Soil  is  less  than  6  inches 
deep. 

6sd 

5 

None 

Drainage 

Seeps  and  high  water  table 
areas. 

1,652     None 


Shallow  depth;  topog- 
raphy. 


Soil  is  shallow  and  Is  lo- 
cated on  steep  slopes . 


These  soils  are  not  recom- 
mended for  planting  media.   If 
soil  is  critically  needed  for 
mixing,  however,  these  soils 
may  be  mixed  with  better  qual- 
ity soils  taking  extreme  care 
in  stripping,  stockpiling, 
mixing,  and  placing.   Place 
unsuitable  soils  well  below 
root  zone.  


Subtotal  class  6 
Right-of-way 
Total 

1,668 

10 

3,645 
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Table  6 

Land  classification 

Subclass  acreage  by  section 


Section 


Subclass 26 27 28 29 30 31 32 Total      Percent 

154.9     279.8     285.3     143.2     163.5      89.0      17.2     1,132.9      31.0 


2s, 


2^  189.3 


3.2 

7.6 

16.8 

38.9 

63.0 

10.2 

7.7 

29.2 

11.3 

14.3 

5.3 

36.0 

.3 

52.1 

8.4 

18.7 

36.0 

6.1 
17.2 

2st  65.1 

3st 

3st.5  54.8 

3st  14.3 

3st 

6s  SJ  9.3                1.9 

6sd  4.6 

6st  142.3     263.9     234.8     188.5     431.2     312.8      78.3     1,651.8      45.3 

Right-of-way     9^1 1A. 10.2 .J_ 

Total 640.0  640.0     640.0     481.0     628.2     471.6     144.1     3,644.9     100.0 


10.8 

.3 

25.9 

344.1 

9.4 

5.6 

42.5 

1.2 

31.5 

96.6 

2.7 

27  .6 

58.5 

1.6 

21.5 

57.5 

1.6 

5.1 

1.2 

6.6 

.2 

116.9 

3.2 

83.5 

2.3 

17.2 

.5 

11.2 

.3 

4.6 

.1 
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coal.   The  overall  thickness  of  the  Fort  Union  ranges  from  900  to  1,400 
feet  thick. 

The  Wasatch  Formation  unconf ormably  overlies  the  Fort  Union  and  is 
exposed  in  the  northwestern  portion  of  the  area.  The  Wasatch  consists  of 
a  medium-  to  coarse-grained  sandstone,  drab  to  varicolored  siltstone,  and 
carbonaceous  shale.  The  Wasatch  Formation  is  approximately  900  feet 
thick.  No  coal  beds  are  found  in  the  Wasatch  Formations  within  the  study 
area. 

To  facilitate  the  characterization  of  the  geologic  or  overburden 
material  at  the  Lay  Creek  site,  four  deep  core  holes  were  drilled. 
Figure  12,  on  the  following  three  pages,  is  the  drill  log  for  DH-2  and  is 
typical  of  the  information  found  in  the  other  three  holes.  The  complete 
drill  logs  and  other  information  for  the  drilling  program  are  presented 
on  pages  93  through  103  in  Appendix  A,  Geology,  at  the  end  of  this  report. 

Overburden  Suitability 

To  determine  overburden  or  bedrock  suitability,  samples  from  the 
core  drill  holes  were  analyzed  for  their  chemical  makeup  and  weathering 
potential.  The  complete  results  of  the  various  studies  to  determine 
overburden  suitability  are  presented  in  Appendix  A,  Geology;  Appendix  E, 
Greenhouse  Study;  and  Appendix  F,  Weathering  Study.  These  studies  were 
conducted  on  selected  samples  from  the  overburden  and  from  material 
separating  the  coal  beds,  even  though  the  second  coal  bed  was  beyond  the 
depth  of  the  core  holes  drilled  for  sampling. 

The  results  of  the  selected  physical  and  chemical  properties  tested 
are  summarized  in  the  Table  7.  The  weathering  tests  were  conducted  on 
selected  sandstone,  shale,  and  siltstone  samples  from  the  four  core  drill 
holes  and  included  an  accelerated  laboratory  weathering  cycle  of  wetting 
and  thawing,  drying,  wetting,  and  freezing.  Additional  outdoor  exposure 
tests  were  started  on  June  8,  1979,  and  completed  June  8,  1980.  The 
results  of  these  tests  and  any  correlation  between,  this  type  of  weather- 
ing and  the  accelerated  laboratory  weathering  conditions  are  included  in 
Appendix  F,  Weathering  Studies. 

Results  of  the  weathering  tests  indicate  that  half  of  the  sandstone 
material  would  be  considered  as  suitable  for  plant  growing  media,  that 
the  shale  material  ranges  from  limited  suitability  to  suitable,  while  the 
siltstone  material  is  suitable  based  on  this  one  criteria  of  weathering 
or  slacking  down  into  plant  growing  media. 

Most  of  the  overburden  material  and  the  material  separating  the 
coal  beds  were  determined  unsuitable  when  considered  solely  as  a  plant 
growing  media.  This  determination  is  based  on  chemical  data  and  green- 
house studies.  There  were  57  chemical  analyses  made  of  core  samples 
from  the  four  drill  holes.  The  pH  ranged  from  7.8  to  10.0,  the  exchange- 
able sodium  percentage  from  0.9  to  44.0,  the  electrical  conductivity 
(ECxl03  @  25°  C)  ranges  from  a  low  of  0.27  to  a  high  reading  of  8.62 
mil limhos/cm. ,  and  the  sodium  adsorption  ratio  from  0.2  to  35.0.   Many 
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NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING    CONDITIONS 


SUITABILITY        OF 
OVERBURDEN 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


EXPLANATION 


204.9  -  217.5:   SANDSTONE  AND  SHALE 

LIGHT  TO  DARK  GRAY,  FIRM  HORIZONS  AND 
LENSES  OF  SHALEY,  FINE  GRAINED  SAND< 
STONE  AND  SANDY  SHALE.   DARK  SPLOCHES 
AND  THIN  SHALE  SEAMS  THROUGHOUT. 
SLIGHT  HCL  REACTION.   MOST  BREAKS 
HORIZONTAL.   CORE  CAN  BE  BROKEN  WITH 
MODERATE  MANUAL  PRESSURE.   CORE  RE- 
COVERED AS  FRAGMENTS  AND  LENGTHS  TO 
1.2  FEET,  MOSTLY  LESS  THAN  0.6  FEET. 

217.5  -  303.4:   SANDSTONE 

LIGHT  TO  DARK  GRAY,  SLIGHT  HCL  REAC- 
TION.  SOFT,  CRUMBLY,  ALL  CORE  CAN  BE 
EASILY  CRUSHED  OR  BROKEN  IN  HAND. 
MOST  CORE  BREAKS  ARE  INCLINED  LESS 
THAN  12  DEGREES  TO  CORE  AXIS.   CORE 
RECOVERED  AS  SAND.   FRAGMENTS,  AND 
LENGTHS  TO  3.8  FEET.   MOST  LESS  THAN 
1.0  FEET.   INTERVAL  252.1  -  263.8  IS 
MEDIUM  GRAINED  AND  CONTAINS  NUMEROUS 
DARK  SPOTS,  BLOTCHES,  AND  INFREQUENT 
SMALL  COAL  FRAGMENTS.   INTERVAL  271.4 
-  303,4  IS  SOMEWHAT  DARKER  AND 
COARSER  GRAINED  THAN  PREVIOUS  INTER 
VAL  AND  CONTAINS  NUMEROUS  PAPER-THIN, 
BLACK  SEAMS  OF  ORGANIC  MATTER  IN- 
CLINED 12-30  DEGREES  TO  CORE  AXIS. 

STRATIGRAPHY 

0.0  -  25.9:   QUATERNARY  SLOPEWASH 

25.9  -  303.4:   TERTIARY  FORT  UNION  FM. 
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Table  7 
Physical  and  chemical  properties  and  suitability 


Sample 

Number 


Depth 
(feet) 


Bureau  of  Reclamation 


Chemical  analysis 
cap     vrvt nJ 


_eJL 


Percent 
brea|y 
down- 


Greenhouse  test 


Postharvest  chemical  analysis    Nutrient  , 
ESP      SAR    ECxlOJ     pH   deficiency-7  Suitability 


Surface  soils 


DH-l 

#1 

o    - 

0.5 

0.9 

0.2 

0.27 

8 

0 

Sandy  loam 

2.34 

<1.0 

1.6 

2.0 

7.4 

P 

Suitable 

in 

0.5- 

3.5 

2.2 

.6 

.41 

8 

2 

Clay 

loam 

1.54 

P 

Suitable 

It  3 

3.5- 

7.0 

7.7 

5.7 

.75 

8 

9 

Loam 

2.49 

4.0 

5.8 

3.5 

7.8 

P 

Suitable 

#4 

7.0- 

10.0 

6.7 

5.1 

2.99 

8 

4 

Loam 

2.56 

P 

Suitable 

DH-2 

#1 

0  - 

.75 

1.2 

.3 

.53 

8 

6 

Loam 

2.02 

<1.0 

1.1 

2.8 

6.7 

P 

Suitable 

in 

0.7  5- 

5.0 

7.2 

4.9 

.56 

8 

9 

Silt 

loam 

2.31 

P 

Suitable 

in 

5.0- 

9.0 

16.0 

10.0 

5.70 

8 

5 

Loam 

1.81 

Limited 

ii h 

9.0- 

10.0 

11.0 

8.1 

8.62 

8 

0 

2.10 

Limited 

DH-3 

in 

0  - 

2.0 

.9 

.3 

.35 

8 

4 

Clay 

loam 

2.14 

P 

Suitable 

in 

2.0- 

5.0 

4.0 

2.0 

.39 

8 

6 

Clay 

loam 

1.34 

P 

Suitable 

in 

5.0- 

10.0 

5.6 

5.3 

.64 

8 

8 

Clay 

loam 

1.46 

P 

Suitable 

DH-4 

in 

0  - 

1.8 

2.5 

2.4 

.62 

8 

6 

Clay 

1.60 

1.7 

2.9 

2.5 

7.6 

P 

Suitable 

in 

1.8- 

3.0 

12.0 

10.0 

1.82 

8 

8 

Clay 

loam 

1.85 

P 

Limited 

in 

3.0- 

5.0 

12.0 

12.0 

6.29 

8 

3 

Clay 

loam 

1.72 

Limited 

in 

5.0- 

8.5 

11.0 

12.0 

7.33 

8 

2 

Clay 

loam 

1.44 

11.5 

13.0 

10.2 

7.6 

P 

Limited 

in 

8.5- 

13.0 

16.0 

14.0 

3.17 

8 

5 

Clay 

loam 

2.47 

12.7 

13.2 

5.1 

7.5 

P 

Unsuitable 

Overburd 

en 

DH-la 

42.0-  50.6 

2.9 

.5 

1.02 

8.2 

Silty  clay 

loam 

38 

2.00 

P 

Limited 

b 

52.5-  58.0 

1.4 

.4 

2.08 

7 

8 

Clay 

1.75 

P 

Limited 

DH-2a 

27.1-  48.0 

2.1 

1.0 

1.67 

8 

3 

Silty  clay 

loam 

2.37 

P 

Limited 

b 

58.0-  75.0 

3.5 

.5 

.99 

8 

3 

Silt  loam 

2.66 

P 

Limited 

c 

75.0  129.5 

6.9 

.5 

1.28 

8 

4 

Sandy  loam 

1.54 

P 

Limited 

d 

129.5-146.9 

6.7 

.5 

1.02 

8 

6 

Loamy  sand 

100 

1.83 

PK 

Limited 

e 

166.5-177.3 

3.3 

.6 

1.05 

8 

3 

Loam 

2.50 

P 

Limited 

f 

177.3-204.5 

1.9 

1.8 

1.45 

8 

4 

Clay 

100 

1.96 

P 

Limited 

g 

204.5-217.5 

5.6 

4.6 

1.15 

8 

8 

Silt  loam 

1.91 

P 

Limited 

h 

217.5-252.1 

7.5 

7.0 

1.00 

9 

5 

Sandy  loam 

1.79 

P 

Limited 

i 

252.1-263.8 

6.1 

5.4 

1.36 

8 

9 

Sandy  loam 

2.05 

4.5 

6.3 

3.6 

7.8 

P 

Limited 

J 

263.8-271.4 

7.4 

4.7 

1.27 

9 

1 

Sandy  loam 

2.16 

P 

Limited 

k 

271.4-303.4 

11.0 

2.5 

1.62 

8 

4 

Sandy  loam 

2.04 

PK 

Limited 

DH-3a 

13.6-  25.1 

12.0 

14.0 

1.44 

9 

4 

Silt  clay 

2.09 

P 

Unsuitable 

b 

25.1-  28.6 

16.0 

13.0 

1.89 

9 

4 

Silt  loam 

1.91 

P 

Unsuitable 

c 

28.6-  38.7 

22.0 

15.0 

1.46 

9 

8 

Silt  clay 

1.88 

P 

Unsuitable 

d 

40.5-  47.4 

36.0 

16.0 

1.03 

10 

0 

Clay  loam 

1.77 

P 

Unsuitable 

e 

47.4-  55.0 

37.0 

15.0 

1.12 

9 

9 

Loam 

2.15 

P 

Unsuitable 

f 

55.0-  65.2 

35.0 

19.0 

1.44 

9 

9 

Silty  clay 

loam 

2.15 

P 

Unsuitable 

g 

65.2-  71.7 

35.0 

25.0 

1.63 

9 

8 

Clay  loam 

1.22 

31.4 

31.3 

6.0 

8.1 

P 

Umsuitable 

h 

71.7-  86.9 

39.0 

24.0 

1.86 

9 

9 

Sandy  loam 

100 

2.25 

27.0 

31.9 

6.0 

7.9 

P 

Unsuitable 

i 

86.9-102.6 

32.0 

20.0 

1.96 

9 

6 

Loam 

1.24 

P 

Unsuitable 

J 

102.6-123.9 

36.0 

15.0 

1.43 

9 

9 

Clay  loam 

100 

1.71 

P 

Unsuitable 

k 

123.9-164.1 

23.0 

22.0 

2.74 

9 

8 

Sandy  loam 

1.16 

P 

Unsuitable 

1 

164.1-184.2 

3.6 

6.1 

1.75 

9 

1 

Loamy  sand 

2.47 

7.1 

4.0 

7.2 

PK 

Limited 

m 

184.2-200.1 

30.0 

21.0 

1.49 

9 

5 

Clay  loam 

1.49 

P 

Unsuitable 

n 

200.1-210.9 

26.0 

17.0 

1.76 

9 

1 

Sandy  loam 

2.09 

PK 

Unsuitable 

o 

225.4-254.1 

44.0 

35.0 

2.10 

9 

5 

Silt  loam 

61 

1.96 

P 

Unsuitable 

DH-4a 

13.0-  22.6 

6.1 

11.0 

1.04 

9 

4 

Clay  loam 

1.20 

P 

Limited 

b 

22.6-  36.5 

27.0 

14.0 

1.02 

9 

9 

Silty  clay 

loam 

1.78 

P 

Unsuitable 

c 

36.5-  47.2 

36.0 

25.0 

1.71 

9 

8 

Clay  loam 

1.59 

P 

Unsuitable 

d 

47.2-  57.0 

39.0 

27.0 

2.21 

9 

9 

Clay 

1.70 

P 

Unsuitable 

e 

57.0-  66.3 

40.0 

20.0 

1.28 

10 

0 

Loam 

1.87 

P 

Unsuitable 

f 

66.3-  69.5 

37.0 

19.0 

1.40 

9 

9 

Clay 

1.81 

P 

Unsuitable 

g 

69.5-  74.0 

37.0 

22.0 

1.44 

9 

9 

Silty  clay 

loam 

1.78 

P 

Unsuitable 

h 

74.0-  82.1 

42.0 

21.0 

1.39 

10 

0 

Clay  loam 

1.38 

Unsuitable 

i 

84.8-  92.5 

39.0 

19.0 

1.38 

10 

0 

Clay 

1.46 

30.3 

36.3 

5.8 

8.1 

P 

Unsuitable 

J 

95.5-111.3 

36.0 

25.0 

1.50 

9 

7 

Silty  clay 

loam 

100 

1.34 

Unsuitable 

k 

111.3-120.4 

34.0 

24.0 

1.64 

9 

9 

Silty  clay 

loam 

1.65 

26.6 

27.6 

7.3 

7.9 

Unsuitable 

1 

120.4-192.0 

39.0 

21.0 

1.53 

9 

9 

Sandy  loam 

0 

2.39 

K 

Unsuitable 

m 

192.0-223.2 

38.0 

23.0 

1.70 

9 

8 

Silt  clay 

1.77 

P 

Unsuitable 

1/ 

2/ 


After 
Percen 


crush 
bre 


ing  and 
akdown  ( 


grinding  fo 
weathering 


r  chem 
test) 


phosphorus;  K  =  potassium;  PK 


ical  analysis. 

=  1™__™)100 

phosphorus  and 


where  TW  =  total  specimen  weight 

IW  =  weight  of  original  specimen  remaining  intact  after 
potassium. 
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of  the  overburden  samples  had  a  high  exchangeable  sodium  percentage, 
which  indicates  that  if  the  material  high  in  sodium  were  not  leached  or 
reclaimed,  it  would  be  unsuitable  for  use  as  a  plant  medium. 

Table  7  is  a  summary  of  the  suitability  of  the  soils,  overburden 
material,  and  the  material  between  coal  beds.  It  is  not  anticipated  that 
revegetation  will  be  accomplished  on  weathered  overburden  materials 
without  top  dressing  with  a  layer  of  suitable  soil  for  use  as  a  plant 
medium. 

Careful  handling  and  management  must  be  used  during  removal,  trans- 
porting, and  placement  of  bedrock  material  to  minimize  contamination  of 
the  more  suitable  plant  media  materials. 

Toxic  Materials 


Selected  chemical  analyses  and  greenhouse  studies  (See  Appendix  E) 
of  the  soil  and  overburden  material  indicate  no  significant  accumulations 
of  toxic  elements  other  than  high  sodium  concentrations. 

Drill  holes  DH-3  and  DH-4  both  had  high  exchangeable  sodium  percent- 
ages. Drill  hole  DH-3  had  sodium  percentage  values  ranging  from  3.6  to 
44  and  sodium  adsorption  ratio  (SAR)  values  of  13  to  35  in  the  overburden 
material  below  28  feet  which  caused  an  unsuitable  designation  for  much  of 
the  material. 

Drill  hole  DH-4  in  sec.  30  is  also  high  in  sodium.  Exchangeable 
sodium  percentage  values  range  from  27  to  42,  and  the  SAR  values  range 
from  14  to  27;  this  caused  all  the  overburden  material  below  24  feet  to 
be  placed  in  an  unsuitable  category  as  plant  media. 


Terrestrial  Flora  and  Range  Sites 

The  vegetation  on  the  Lay  Creek  study  site  was  mapped  into  ecologi- 
cal subdivisions  or  range  sites,  Figure  13.  The  range  sites  were  mapped 
out  according  to  variations  of  environmental  factors  and  vegetation. 
Differences  in  environmental  factors,  predominantly  in  climate,  soils, 
and  topography  result  in  differences  in  vegetation  (kind,  proportion,  and 
production  of  plants).  The  present  plant  community  of  each  range  site 
was  sampled  and  expressed  as  percent  composition  as  shown  in  Table  8 
for  cover  and  Table  9  for  production.  Present  production  is  based  on 
clipping  vegetative  growth  of  1  year.  The  year  1979  was  a  favorable 
year  for  plant  growth.  The  potential  plant  community  of  each  range  site 
was  determined  from  range  site  guides  and  soil  survey  interpretations 
developed  by  the  Soil  Conservation  Service  and  is  expressed  as  potential 
composition,  Table  8,  and  potential  production,  Table  9. 

There  were  12  range  sites  identified  and  mapped  within  the  study 
site  as  described  on  pages  48  through  54.  Due  to  past  management  of  the 
vegetation,  different  ecological  conditions  of  range  sites  were  noted. 
When  this  occurred  the  range  site  was  sampled  for  each  condition.   Most 


UH 


Figure  13 
Vegetation  map  by  range  site 


8.   Unnamed  Site  -  08B  Series 
Stoney  Foothills 
Deep  Loam 
Alkaline  Slopes 
Claypan 
13.  Loamy  Breaks 


LAY  CREEK  STUDY  SHE 
LAY  SE  QUAD. 
& 
LAY  QUAD. 
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Jfc 


Present  and  potential  plant  composition- 


Clayey  slopes 


Stony  foothills 


Rollins  loam 


Present  Potential   Present  Potential   Present  Potential Present   Potential   Present   Potential   Pr 


nt  Potential 


Sandy  foothills 


Foothill  swale 


Alkaline,  slope 


nt   Potential   Present   Potential   Present  Potential   Present  Potential   Present   Potential 


■15) 


(") 


Clayey  foothills 
Present  Potential 


(22) 


ent  Potential 


Loamy  breaks 


08B 

unnamed 


ent  Potential   Present  Potential 


(28) 


(30) 


Species 


Grasses 
Agl  r  ' 
Agri 
Aas; 


Agsp 
Agrop 


Stco4 
Stle4 
8tipa  spp. 


PPGC 


Porbs 

■  Allium  spp. 

Arfe 
I  Trdu 


Aster  spp. 
Astra 


Clar4 
Colli 
Colu 


Crypt 
Descu 


Briog 

Grsq 

Haplo 


Hebo 
Hial 
Lare 
Lomat 
Luar3 


Opuntla  spp. 


Peca4 
Phho 
Phlo2 


Phau5 
Spco 
PPFF 


Shrubs 
Amal2 
Artem 
Arlo 


Aram 
Artr2 
Atco 


Atrip 
Chna 
Chvi 


Ephed 
Eula5 


Putr2 
Save  4 
Teca2 


SSSS 
Juos 


9.0 
19.5 


5.8 
1.3 


0.2 
19.0 


7.0 
1.0 


1.4 
5.0 


15.5 
36.5 


2.5 
5.0 


10.5 
7.5 


12.0 
5.0 


1.3 
3.1 


3.0 
1.0 


Trace 
0.1 


Trace 
21.0 


2.0 
8.7 


Trace 

17.0 


Trace 
0.2 


Trace 
2.2 


Trace 
0.3 


7.7 
1.6 


1.4 
■  3 


Trace 
0.3 


2.3 
Trace 


Trace 
Trace 


1.7 
20.0 


.3 

.9 
45.0 


36.4 
34.0 


27.3 
7.9 


1.0 
1.0 


^1/  Percent  by  dry  weight  by  range  site. 
2/  Condition  based  on  percent  composition. 
3/  Key  to  symbols  and  common  names  may  be  found  in  Appendix  G,  Vegetation. 


Agsp 

Agrop 

Brte 


Carex  spp. 

Elci2 


Orhy 


Sihy 


Stco4 
Stle4 
stlPa  SPP- 


PPGC 


Forbs 

Allium  spp. 

Arfe 

Trdu 


Aster  spp. 
Astra 


Ciar4 
Colli 
Colu 


Erlge 


Eriog 

Grsq 

Haplo 


Hebo 
Hial 
Lare 


Luar3 
Opuntia  spp. 


Peca4 
Phho 
Phlo2 


PhauS 
Spco 
PPFF 


Shrubs 
Amal2 
Artem 
Arlo 


Aram 
Artr2 
Atco 


Atrip 
Chna 
Chvi 


Ephed 
Eula5 
Cusa2 


Putr2 
Save4 
Teca2 
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Table  9 


Percent  cover  and  present  and  potential  production— 


1/ 


Range  sites 

Clayey  slopes 
Good2/   Poor2/ 

Stony  foothills 
Fair.2/   Poor_2/ 

Rolling  loam 
Good2/    Poor_2/ 

Sandy 
foothills 

Foothill 

swale    Clay  pan 

Deep 
loam 

Alkaline 
slopes 

Clayey 

foothills 

Swale 
meadow 

Loamy 
breaks 

08B 
unnamed 

Cover  (percent) 

Bare  soil 

Mulch 

Rock 

Shrubs 

Forbs 

Grass 

Tree 
Production  (pounds 

per  acre)—' 
Potential  production 
(pounds  per  acre 
per  year) 

Favorable 

Unfavorable 


36 
23 

0 
21 

8 
12 


791 


31 

12 

3 

43 

2 

9 


586 


27 
8 
7 
14 
11 
23 
10 

518 


38 
6 

20 
6 
5 

11 

14 

1,315 


17 
33 

2 
22 

5 
21 


671 


54 

17 

0 

19 

5 

5 


993 


26 

28 
0 

16 
1 

29 


559 


800 
400 


800 
400 


1,000 
500 


1,200 
600 


34 

32 

0 

6 

4 

24 


873 


3,000 
1,000 


47 

28 

3 

13 

6 

3 


864 


800 
300 


31 

29 

0 

27 

5 

8 


527 


1,800 
900 


62 

5 
0 

23 
0 

10 


401 


800 
400 


19 
33 

0 
33 

4 
10 


614 


1,200 
600 


29 

19 
1 

34 
8 
9 


989 


2,500 
1,500 


32 
27 

1 
23 

5 
12 


697 


800 
400 


18 

25 
1 

17 
5 

34 


569 


1/      Expressed  as  pounds  per  acre  'for  each  range  site. 
2/      Condition  based  on  percent  composition. 
_3/  Air-dried  weight. 
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of  the  range  sites  were  within  the  same  ecological  condition  throughout 
the  study  site. 

Swale  meadow 

This  site  occupies  flood  plains  and  terraces  of  streams.   Soils  are 

fine  sandy  loam  to  clay  loams  and  may  show  signs  of  poor  drainage.   The 

variability  of  the  duration  and  height  of  the  water  table  causes  varia- 
tion in  plant  growth. 

The  site  indicates  a  transition  between  saline  meadows  and  nonsaline 
grass-shrub  communities.  Due  to  past  management  practices,  saline  vege- 
tation now  exists.  It  is  comprised  of  28  percent  greasewood,  27  percent 
saltbush,  8  percent  green  rabbitbrush,  and  7  percent  big  sagebrush. 
These  species  are  normally  considered  invaders.  Western  wheatgrass  makes 
up  the  grass  composition,  22  percent,  with  forbs  comprising  a  minor  6 
percent.  Annual  production  was  989  pounds  per  acre.  Vegetation  provides 
51  percent  cover  on  this  site. 

Under  climax  conditions,  the  vegetation  would  consist  of  90  percent 
grasses  and  10  percent  forbs  with  western  wheatgrass  being  the  dominant 
grass.  Under  drier  conditions,  basin  wildrye  would  become  noticeable. 
Potential  production  would  vary  between  1,500  and  2,500  pounds  per  acre 
annually  depending  on  growing  conditions  of  the  year. 
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Vegetation  typical  of  the  swale  meadow  range  site 
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Clayey    foothills 

Soils  of  this  site  are  deep  to  moderately  deep  clay  or  clay  loam. 
Permeability  is  slow,  but  the  soils  have  an  excellent  water  storage 
capability  if  cover  is  sufficient  to  retard  runoff.  The  high  wilting 
point,  however,  probably  offsets  any  influence  of  added  water  storage  on 
the  vegetation.  The  site  is  found  on  rolling  benchland  and  north 
aspects   with    slopes    less    than    12    percent. 

Western  wheatgrass  and  streambank  wheatgrass  dominate  the  composi- 
tion with  36  percent  and  15  percent,  respectively.  Big  sagebrush  and 
green  rabbitbrush  make  up  29  percent  of  the  composition,  giving  the  area 
an  open  brushland  appearance.  The  vegetation  on  this  site  provides 
47    percent    cover. 

Potential  vegetation  for  the  site  would  be  comprised  of  approxi- 
mately 75  percent  grass,  20  percent  shrubs,  and  5  percent  forbs.  Produc- 
tion would  vary  between  600  and  1,200  pounds  per  acre  annually  depending 
on    growing   conditions    of    the   year. 

Alkaline   slopes 

This  site  is  found  on  upland  benches  with  less  than  10  percent 
slopes.  Soils  of  this  site  are  variable  but  are  characterized  by  poor 
soil   moisture    relationship    creating   a    low    site   potential. 

The  present  vegetation  is  predominantly  forbs  which  make  up  48 
percent  of  the  composition.  The  major  grass  specie,  western  wheatgrass, 
accounts  for  5  percent  of  the  composition  with  shrubs,  such  as  big 
sagebrush,  rabbitbrush,  and  horsebrush  totaling  33  percent.  The  site 
produced  401  pounds  per  acre,  with  62  percent  bare  soil,  resulting  in  a 
rather   sparse   stand   of   vegetation. 

Potential  for  the  site  is  a  brush-grass  mixture  with  each  compris- 
ing 45  percent  of  the  composition.  Total  annual  production  ranges  from 
400    to   800    pounds   per   acre. 

Deep    loam 

One  area  of  deep  loam  is  found  on  the  site.  It  occupies  the  upper 
portions  of  a  drainage  system  with  a  deep  gully  dissecting  the  site. 
Soils  are  deep,  well  drained,  and  slowly  permeable.  Available  water- 
holding  capacity  is  high. 

This  community  type  has  been  depleted  due  to  various  past  pressures 
exerted  on  the  vegetation.  This  is  indicated  by  the  invasion  of  big 
sagebrush  which  comprises  76  percent  of  the  composition.  Grasses  and 
forbs  make  up  approximately  22  percent  of  the  composition.  The  vegeta- 
tion provides  40  percent  cover  for  the  site. 
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The  site  has  the  potential  for  moderate  to  high  production  rates 
depending  on  growth  conditions  of  the  year.  Annual  production  during  the 
summer  of  1979  was  527  pounds  per  acre,  but  the  site  has  the  capability 
of  producing  900  to  1,800  pounds  per  acre  indicating  the  existing  problem 
of  the  invasion  of  undesirables. 

Clay  pan 

This  subdivision  occupies  only  a  small  portion  in  the  northwest 
corner  of  the  study  area.  This  area  is  delineated  from  the  surrounding 
areas  due  to  the  vegetative  restriction  of  the  clay  content  in  the  soil. 
It  is  level  to  gently  sloping  and  the  subsoil  is  strongly  structured  and 
fine  textured.  The  subsoil  tends  to  restrict  water  permeability  and 
plant  moisture  availability  due  to  the  high  swelling  characteristics 
associated  with  the  clays. 

The  area  supports  a  wide  diversity  of  shrub  species  resulting  in  a 
low  appearing  shrub-dominated  community.  Rubber  rabbitbrush  and  green 
rabbitbrush  have  the  highest  composition  accounting  for  70  percent  of  the 
total  annual  production  of  864  pounds  per  acre.  Streambank  wheatgrass  is 
the  dominant  grass  with  9  percent  composition.  Shrubs  make  up  13  percent 
of  the  total  cover  with  47  percent  bare  soil. 

Principal  grass  species,  in  a  climax  state,  are  prairie  junegrass, 
wheat  grasses ,  and  bluegrasses.  The  site  is  dominated  by  alkali  sage- 
brush, with  rabbitbrush  and  saltbush  also  present.  The  site  is  tree- 
less with  potential  production  ranging  from  300  to  800  pounds  per  acre 
annually. 

Loamy  breaks 

This  particular  site  consists  of  stony  ridges  leveling  off  to 
gentle  east-facing  slopes.  The  degree  of  slope  ranges  from  3  to  25 
percent;  this  influences  the  moisture  retention  of  the  soil.  The  soils 
are  fairly  shallow,  medium  textured,  and  classified  as  loam  or  stony 
loam.  Permeability  is  moderate;  but  due  to  the  steepness  of  the  topog- 
raphy, plant  moisture  efficiency  is  reduced. 

Big  sagebrush  dominates  the  site  making  up  58  percent  of  the  total 
composition,  along  with  nearly  8  percent  green  rabbitbrush.  Western 
wheatgrass,  streambank  wheatgrass,  needle-and-thread,  and  junegrass 
support  the  major  grass  community,  making  up  approximately  12  percent 
of  the  composition.  Forbs  make  up  17  percent  composition,  resulting  in 
697  pounds  of  forage  produced  per  acre.  The  vegetation  provides  40 
percent  ground  cover. 

The  potential  production  for  this  site  varies  from  400  to  800  pounds 
per  acre  annually  depending  on  the  climatic  factors  of  that  particular 
year.  Composition  under  climax  conditions  could  total  as  much  as 
48  percent  grasses,  7  percent  forbs,  and  45  percent  shrubs. 
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Clayey  slopes 

Topography  of  this  site  is  steep  and  hilly  with  slopes  ranging  from 
15  to  65  percent.  The  site  occupies  foothill  ridge  crests  and  side 
slopes  with  soil  varying  from  moderately  deep  to  shallow.  Soils  are  well 
drained,  have  slow  permeability,  and  low  available  water  capacity. 

This  site  was  divided  into  separate  study  areas  based  on  their 
condition  due  to  past  management  practices.  The  clayey  slopes  site, 
which  was  rated  in  good  condition,  is  dominated  by  27  percent  big 
sagebrush.  The  grass  community  comprises  nearly  50  percent  of  the 
composition  with  the  major  grass  species  being  western  wheatgrass, 
streambank  wheatgrass,  bluebunch  wheatgrass,  and  need le-and-thread 
grass.   Forbs  make  up  nearly  12  percent  of  the  composition. 

The  other  area,  which  was  classified  as  clayey  slopes  and  rated  in 
poor  condition,  supports  such  brush  species  as  big  sagebrush,  green 
rabbitbrush,  and  winterfat  to  make  up  45  percent  of  the  composition. 
With  this  increase  in  brush  vegetation,  competition  between  species 
increased,  leaving  only  9  percent  grasses  within  this  vegetational 
pattern.  The  major  grass  species  is  streambank  wheatgrass  followed  by 
western  wheatgrass.  Forbs  production  was  high,  accounting  for  43  percent 
of  the  production.   Vegetative  cover  is  41  and  54  percent,  respectively. 

The  potential  for  the  clayey  slope  range  site  ranges  from  400  to  800 
pounds  per  acre  annually,  depending  on  growth  conditions  of  the  year. 
The  native  grasses,  including  western  and  bluebunch  wheatgrass,  june- 
grass,  and  squirreltail  make  up  45  percent  of  the  composition.  Big 
sagebrush,  shadescale,  and  atriplex  species  would  make  up  the  shrub 
community  intermixed  with  approximately  10  percent  forbs. 

Foothill  swale 

The  location  of  this  community  lays  adjacent  to  the  clayey  foothills 
and  rolling  loam  sites.  Due  to  its  position,  this  site  receives  addi- 
tional moisture  from  adjacent  areas  providing  the  highest  production 
potential  in  the  study  area.  The  soils  are  deep,  well  drained,  and 
moderately  coarse  textured.  The  soil  has  good  permeability  with  a  high 
intake  rate  and  a  moderately  high  water-holding  capacity.  Due  to  previ- 
ous management,  the  site  has  deteriorated  to  a  brush-dominated  community 
producing  one-third  to  one-half  of  its  potential. 

This  valley  grassland  community  now  supports  sparse  vegetation 
including  such  species  as  western  wheatgrass,  letterman  needle  grass, 
green  rabbitbrush,  big  sage,  and  black  sagebrush.  Grasses  make  up  nearly 
21  percent  of  the  composition  with  shrubs  and  forbs  at  70  percent  and 
9  percent,  respectively.  Annual  production  was  equivalent  to  873  pounds 
per  acre.   Vegetation  provides  34  percent  cover. 

The  climax  state  of  this  site  produces  from  1,000  to  3,000  pounds 
per  acre  annually  which  is  a  primary  factor  separating  this  subdivision 
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from  other  sites.  Grasses  should  be  the  dominant  cover  for  this  site, 
including  such  species  as  western  wheatgrass,  streambank  wheatgrass, 
wildrye,  squirreltail ,  bluegrasses,  and  needle-and-thread  representing 
70  percent  of  the  composition.   Big  sage  will  also  be  present. 

Sandy  foothills 

The  sandy  foothills  area,  lying  to  the  west  of  the  stony  foothills 
site,  occurs  as  gently  rolling  hills.  Soils  are  sandy  loams  to  loamy 
sand.  Water-holding  capacity  is  low  due  to  the  sand  content,  but  it 
does  take  water  rapidly  making  it  favorable  for  certain  flora.  Perme- 
ability is  moderate,  with  surface  runoff  slow.  Erosion  hazard  is 
moderate  to  high  under  deteriorated  conditions. 

Present  vegetation  is  characteristic  of  a  sagebrush-grassland- 
type  community.  Big  sagebrush  is  the  dominant  vegetation,  having  a 
composition  of  21  percent.  Streambank  wheatgrass  is  the  most  frequently 
occurring  grass,  totaling  12  percent  composition,  followed  by  other 
grasses  such  as  bluegrass,  junegrass,  bluebunch  wheatgrass,  and  western 
wheatgrass  listed  in  respective  order.  Total  annual  production  was 
considered  below  potential  for  this  site  at  559  pounds  per  acre. 
Vegetation  provides  46  percent  cover  to  the  site. 
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Vegetation  typical  of  the  sandy  foothills  range  site. 

The  potential  for  this  site  is  moderately  high  for  the  area  in  which 
it  is  located.  During  favorable  years,  production  may  be  as  high  as 
1,200  pounds  per  acre  with  a  minimum  production  of  600  pounds  per  acre. 
Grasses  such  as  western  wheatgrass,  streambank  wheatgrass,  basin  wildrye, 
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Indian  ricegrass,  bluegrass,  and  needle-and-thread  are  most  likely  to 
inhabit  this  type  of  community  under  climax  conditions.  Shrubs  should 
only  account  for  15  percent  of  the  composition. 

Rolling  loam 

The  rolling  loam  site  was  one  of  the  three  subdivisions  which  were 
delineated  based  on  conditions.  The  rolling  loam  site,  which  was  rated 
in  good  condition,  accounts  for  a  large  portion  of  the  study  site  and  is 
located  directly  north  of  the  stony  foothill  site  in  the  western  portion 
of  the  unit.  The  area  rated  in  poor  condition  is  located  in  the  eastern 
portion  and  lies  above  clayey  slopes.  The  soils  are  a  deep,  well  drained 
series  having  slow  permeability  and  high  water-holding  capacity. 


«  ,.«  » 


+f 


> 


w 


■  m 
j  v 

'  * 

y^ 

w 


J%' 


Vegetation  typical  of  the  rolling  loam  range  site 


Sit^i 


The  vegetation  on  each  classified  site  varies  greatly  due  to  past 
management  practices.  The  portion,  which  was  rated  in  good  condition, 
has  a  high  percentage  of  grasses  and  forbs  accounting  for  80  percent  of 
the  vegetation.  On  the  other  hand,  the  site  in  poor  condition  has 
approximately  72  percent  shrubs  which  have  had  a  direct  competitive 
impact  on  more  desirable  species.  Streambank  wheatgrass  and  western 
wheatgrass  are  the  most  common  grasses  encountered  on  these  sites.  Big 
sagebrush  was  the  most  common  shrub,  with  certain  locoweeds  inhabit- 
ing the  more  favorable  locations  within  the  area.  Present  production 
for  good-  and  poor-conditioned  sites  totaled  671  pounds  per  acre  and 
993  pounds  per  acre,  respectively.  The  increased  annual  production  for 
the  poorer  site  is  due  to  the  biomass  of  shrubs  in  relation  to  that  of 
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grasses.   Vegetative  cover  totaled  48  percent  on  the  good  condition  site 
and  29  percent  on  the  poor  condition  site. 

Climax  vegetation  is  that  of  an  open  stand  of  sagebrush  with  an 
abundance  of  grasses,  75  percent  composition,  such  as  bluebunch  wheat- 
grass,  junegrass,  squirreltail ,  and  needle-and-thread .  Potential  produc- 
tion ranges  from  500  to  1,000  pounds  per  acre  annually. 

08B  unnamed 

This  area  runs  parallel  to  Lay  Creek  drainage  within  the  study  site. 
Soils  are  deep,  well  drained,  and  are  located  on  level  to  gently  sloping 
stream  terraces  and  valley  bottoms.  Permeability  and  available  water 
capacity  is  moderate  with  surface  runoff  slow.  Range  site  classification 
is  unknown  along  with  potential  composition  and  production. 

The  present  vegetation  supporting  this  area  is  stabla  with  12  per- 
cent bluebunch  wheatgrass,  7.5  percent  western  wheatgrass,  10.5  percent 
streambank  wheatgrass,  and  an  overwhelming  36  percent  Indian  ricegrass  to 
total  well  over  half  the  composition.  Shrubs  account  for  only  20  percent 
of  the  composition  with  undesirable  forbs  making  up  the  remaining  compo- 
sition. Annual  production  was  569  pounds  per  acre  with  vegetative  cover 
totaling  56  percent  providing  the  highest  cover  in  the  study  area. 

Stony  foothills 

This  area  includes  strongly  sloping  to  very  steep  topography.  Soils 
are  medium  textured,  rocky,  with  deep  to  shallow  subsoils.  The  soils  are 
well  drained,  moderately  permeable,  but  generally  have  a  low  available 
water-holding  capacity.  Associated  with  the  steep  slopes  is  a  high  water 
erosion  hazard  in  the  absence  of  vegetative  cover.  This  range  site  was 
divided  into  different  categories  based  on  its  present  condition.  In 
one  instance  juniper  is  present  comprising  91  percent  of  the  total 
composition,  while  the  other  subdivision  supports  62  percent  juniper. 
This  91  percent  tree  composition  affects  grass  and  forb  production, 
resulting  in  a  poorly  conditioned  range  site.  Composition  within  this 
site  is  3  percent  grasses,  2  percent  forbs,  4  percent  shrubs,  while  the 
rest  is  classified  as  tree  composition.  The  site  in  fair  condition  is 
composed  of  15  percent  grasses,  5  percent  forbs,  and  18  percent  shrubs. 
The  poor  site  produced  1,315  pounds  per  acre  taking  into  account  the 
large  percentage  of  juniper.  Cover  for  grasses,  forbs,  shrubs,  and  trees 
on  this  area  is  11  percent,  5  percent,  6  percent,  and  14  percent,  respec- 
tively. The  subdivision,  rated  in  fair  condition,  produced  518  pounds 
per  acre  with  23  percent  grass  cover  and  10  percent  tree  cover. 

The  potential  for  the  stony  foothill  site  is  400  to  800  pounds 
per  acre.  Grasses  should  be  the  domminant  vegetation  under  climax 
conditions,  making  up  60  percent  of  the  composition.  Shrubs  would 
include  such  species  as  mormon  tea,  bitterbrush,  and  certain  sagebrushes 
to  total  30  percent  of  the  composition. 
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grasses.   Vegetative  cover  totaled  48  percent  on  the  good  condition  site 
and  29  percent  on  the  poor  condition  site. 

Climax  vegetation  is  that  of  an  open  stand  of  sagebrush  with  an 
abundance  of  grasses,  75  percent  composition,  such  as  bluebunch  wheat- 
grass,  junegrass,  squirreltail ,  and  needle-and-thread .  Potential  produc- 
tion ranges  from  500  to  1,000  pounds  per  acre  annually. 

08B  unnamed 

This  area  runs  parallel  to  Lay  Creek  drainage  within  the  study  site. 
Soils  are  deep,  well  drained,  and  are  located  on  level  to  gently  sloping 
stream  terraces  and  valley  bottoms.  Permeability  and  available  water 
capacity  is  moderate  with  surface  runoff  slow.  Range  site  classification 
is  unknown  along  with  potential  composition  and  production. 

The  present  vegetation  supporting  this  area  is  stable  with  12  per- 
cent bluebunch  wheatgrass,  7.5  percent  western  wheatgrass,  10.5  percent 
strearabank  wheatgrass,  and  an  overwhelming  36  percent  Indian  ricegrass  to 
total  well  over  half  the  composition.  Shrubs  account  for  only  20  percent 
of  the  composition  with  undesirable  forbs  making  up  the  remaining  compo- 
sition. Annual  production  was  569  pounds  per  acre  with  vegetative  cover 
totaling  56  percent  providing  the  highest  cover  in  the  study  area. 

Stony  foothills 

This  area  includes  strongly  sloping  to  very  steep  topography.  Soils 
are  medium  textured,  rocky,  with  deep  to  shallow  subsoils.  The  soils  are 
well  drained,  moderately  permeable,  but  generally  have  a  low  available 
water-holding  capacity.  Associated  with  the  steep  slopes  is  a  high  water 
erosion  hazard  in  the  absence  of  vegetative  cover.  This  range  site  was 
divided  into  different  categories  based  on  its  present  condition.  In 
one  instance  juniper  is  present  comprising  91  percent  of  the  total 
composition,  while  the  other  subdivision  supports  62  percent  juniper. 
This  91  percent  tree  composition  affects  grass  and  forb  production, 
resulting  in  a  poorly  conditioned  range  site.  Composition  within  this 
site  is  3  percent  grasses,  2  percent  forbs,  4  percent  shrubs,  while  the 
rest  is  classified  as  tree  composition.  The  site  in  fair  condition  is 
composed  of  15  percent  grasses,  5  percent  forbs,  and  18  percent  shrubs. 
The  poor  site  produced  1,315  pounds  per  acre  taking  into  account  the 
large  percentage  of  juniper.  Cover  for  grasses,  forbs,  shrubs,  and  trees 
on  this  area  is  11  percent,  5  percent,  6  percent,  and  14  percent,  respec- 
tively. The  subdivision,  rated  in  fair  condition,  produced  518  pounds 
per  acre  with  23  percent  grass  cover  and  10  percent  tree  cover. 

The  potential  for  the  stony  foothill  site  is  400  to  800  pounds 
per  acre.  Grasses  should  be  the  domminant  vegetation  under  climax 
conditions,  making  up  60  percent  of  the  composition.  Shrubs  would 
include  such  species  as  mormon  tea,  bitterbrush,  and  certain  sagebrushes 
to  total  30  percent  of  the  composition. 
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Vegetation  typical  of  stony  foothills  range  site. 

Site  Hydrology  and  Water  Supply 

Ground  water 

Ground  water  in  the  Lay  Creek  Federal  Coal  Management  site  occurs 
under  confined  and  unconfined  conditions  in  permeable  sandstones  of  the 
Fort  Union  Formation  of  Tertiary  Age  and  under  unconfined  conditions  in 
alluvial  sand-and-gravel  aquifers  of  Quaternary  Age.  The  individual 
sandstones  of  the  Fort  Union  are  fine  grained  and  poorly  sorted.  Trans- 
missivity  ranges  from  22  to  76  square  feet  per  day  in  the  sandstones  and 
has  been  estimated  to  be  about  3,000  square  feet  per  day  in  the  alluvium. 
Hydraulic  conductivity  averages  about  1  foot  per  day  for  the  sandstone 
aquifers.  Specific  capacities  for  wells  penetrating  the  sandstone 
aquifers  are  less  than  1  gallon  per  minute  per  foot  for  drawdown.  Yields 
from  wells,  less  than  500  feet  deep  and  penetrating  at  least  150  feet  of 
saturated  sandstone,  would  be  about  10  gallons  per  minute. 

A  drill  hole  core  from  the  Fort  Union  was  obtained  from  the  Bureau 
of  Reclamation  and  analyzed  for  horizontal  and  vertical  permeability  by 
Core  Laboratory,  Inc.  The  results  of  these  tests  are  shown  in  Table 
10.  Smaller  permeabilities  are  indicative  of  siltstones  with  interbedded 
shales  where  the  clay  content  in  the  siltstones  is  the  primary  control 
of  the  permeability.   The  results  of  the  core  analysis  support  the 
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Table  10 

Core-analysis  results-!-' 

U.S.  Bureau  of  Reclamation  Drill  Hole  4 
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17   Analysis  by  Core  Laboratory,  Inc. 
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aquifer  test  data.  Hydrologic  data  for  all  wells  in  and  adjacent  to  the 
tract  are  summarized  in  Table  11.  Figure  14  on  page  59  shows  the  loca- 
tion of  all  Geological  Survey  observation  wells  in  the  study  area. 

The  configuration  of  the  potent  iometric  surface  in  the  Fort  Union 
Formation  is  similar  to  the  configuration  of  the  topography  so  that  all 
sandstones  in  the  formation  are  probably  saturated  below  the  level  of  the 
valley  floors.  At  higher  altitudes  along  the  ridgetops,  the  sandstones 
tend  to  be  drained  to  a  depth  of  several  hundred  feet. 

The  Fort  Union  Formation  supplies  water  to  four  wells  used  for 
livestock  watering.  The  alluvial  aquifer  supplies  water  to  one  irriga- 
tion well  in  Bord  Gulch  and  to  one  domestic  well  in  Lay  Creek  Valley. 
Elsewhere  on  the  tract,  the  alluvial  aquifer  is  not  being  used. 

On  the  basis  of  chemical  analyses,  water  in  the  sandstones  of  the 
Fort  Union  Formation  contains  about  900  to  1,400  mg/L  of  dissolved  solids 
and  is  a  sodium  bicarbonate  or  sodium  sulfate  type  with  lesser  amounts  of 
calcium  and  magnesium.  Chemical  analyses  of  samples  obtained  from  three 
Geological  Survey  observation  wells  are  shown  in  Table  12.  Water  from 
wells  SB00809329ACC  and  SB00809330DCA  was  a  sodium  bicarbonate  type,  and 
water  from  well  SB00809425DCC  was  a  sodium  sulfate  type.  The  relatively 
large  sulfate  concentration  in  water  from  well  SB00809425DDC  probably  was 
derived  from  iron  sulfides  contained  in  the  interbedded  shales.  A 
possible  mechanism  is  that  the  sulfur  is  first  oxidized  to  sulfate  and 
then  as  the  water  migrates  down-gradient,  the  sulfur  is  reduced  back  to 
iron  sulfides  in  the  presence  of  sulfur-reducing  bacteria.  The  iron 
sulfides  precipitate,  but  the  calcium  carbonates  disassociate  and 
bicarbonate  is  formed.  Increased  sodium  is  derived  by  cation  exchange. 
The  sodium  bicarbonate  water  is,  therefore,  a  result  of  dilution  and  of 
the  activity  of  sulfur-reducing  bacteria. 

Only  those  trace  elements  that  are  known  to  occur  in  coal  for- 
mations in  the  Rocky  Mountain  area  are  listed  in  Table  12.  All  of 
the  trace  element  concentrations  were  less  than  standards  established 
by  the  Environmental  Protection  Agency  (1976,  1977)_1/  for  drinking 
water  except  for  iron  concentrations  in  water  from  wells  SB00809329ACC 
and  SB00809425DCC  and  the  manganese  concentration  in  water  from  well 
SB00809425DCC .  Because  of  the  associated  heavy  metals,  these  concentra- 
tions were  not  unusual.  The  abnormal  phosphorus  concentration  in  water 
from  well  SB00809330DCA  may  have  been  the  result  of  residual  drilling 
fluids . 

Water  in  the  alluvium  contains  about  200  to  700  mg/L  of  dissolved 
solids  and  is  a  calcium  bicarbonate  type. 

1/  Environmental  Protection  Agency.  1976.  National  Interim  Pri- 
mary Drinking  Water  Regulations:   Report  570/9-76-003,  159  p. 

1977.  National  Secondary  Drinking  Water  Regulations: 
Federal  R"egfsTer,  v.  42,  No.  62,  Thursday,  March  31,  1977,  Part  I, 
p.  17143-17147. 
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Table  11 
Hydrologlc  data  for  wells  in  and  near 


the  Lav  Creek  study  site 


Specific 

conductance 

Dissolved- 
solids— 

Depth 

Transmissiv- 

Hydraulic 

(micromhos 

of  static 

ity  (feet 

conductiv- 

per 

concentration 

Well 

Depth 

water  level 

Aquifer—' 

squared 

ity  (feet 

centimeter 

(milligrams 

No. 

(feet) 

(feet) 

per  day) 

per  day) 

at  25°  C) 

per  liter) 

pH 

Use  of  water 

1 

187 

120.9 

Tfu 

Livestock 

2 

Tfu 

1,800 

1,300 

Livestock 

3 

153+ 

153+ 

Tfu 

Livestock  (not  used) 

4 

44 

14.39 

Qal 

250 

180 

7.25 

Unused  (no  pump) 

5 

165 

Dry  hole 

6 

500+ 

3.80 

Tfu 

2.6 

0.05 

1,450 

900 

7.4 

USGS  observation  well 

7 

80 

Qal 

3,000+ 

1,000 

700 

7.05 

Irrigation 

8 

430 

97.69 

Tfu 

47 

.26 

1,815 

1,218 

8.2 

USGS  observation  well 

9 

400 

76.10 

Tfu 

31 

.81 

1,650 

1,200 

8.4 

USGS  observation  well 

10 

30 

Flows- 

Qal 

450 

320 

Domestic 

11 

Tfu 

2,050 

1,400 

8.7 

Livestock 

12 

600 

52.24 

Tfu 

22 

.13 

2,012 

1,346 

7.4 

USGS  observation  well 

1/     Aquifer:   Tfu  =  Fort  Union  Formation;  Qal  =  alluvium. 

2/   Obtained  by  multiplying  specific  conductance  by  0.7,  except  for  wells  6, 

3/   Less  than  0.5  gallon  per  minute. 


and  12. 
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2000 
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IE 
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Boundary   of  Lay  Creek  Study  Site 
USGS    observation    well  and  number 

Well  equipped    with  a  water    level  recorder 

Well    from    which   a  sample    was    obtained   for 
chemical    analysis 

Livestock    well   and  number  outside    the  study   area 

Irrigation    well    and  number 

Domestic    well    and  number 

Unused    well    and  number 

Drill    hole    and    number 


united  states 
department    of   the    interior 

bureau    of    reclamation 
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Table  12 
Water  quality  data  for  selected  wells  completed  in  the 

Fort  Union  Formation 

Well 


SB00809329ACC  SB00809425DCC  SB00809330DCA 


Constituents  (milligrams 
per  liter,  except  as 
noted) 
pH  (units)  7.4  7.4  8.2 

Specific  conductance 
(micromhos  per  centi- 
meter at  25°  C)  1,450         2,012         1,815 


Water  temperature  (de- 
grees Celsius) 
Calcium,  dissolved 
Magnesium,  dissolved 
Potassium,  dissolved 
Sodium,  dissolved 
Chloride,  dissolved 
Fluoride,  dissolved 
Sulfate,  dissolved 
Bicarbonate,  as  CaC03 
Total  hardness,  as  CaC03 
Dissolved  solids 
Trace  elements  (micrograms 
per  liter) 
Aluminum,  dissolved 
Arsenic,  dissolved 
Boron,  dissolved 
Bromide,  dissolved 
Cadmium,  dissolved 
Iron,  dissolved 
Lead,  dissolved 
Manganese,  dissolved 
Molybdenum,  dissolved 
Phosphorus,  dissolved 
1/   Major  ion. 


11.5 

11 

11 

11 

37 

4.2 

6.2 

12 

1.2 

4.6 

,   5.8 

,   3.2 

1/ 
-330 

1/ 
-'400 

1/ 
-7470 

38 

12 

.  10 

2.6 

1/   °-4 
-'660 

4.4 

170 
-'  338 

310 
-'409 

219 

53 

140 

17 

900 

1,346 

1,218 

420 

640 

50 

2 

0 

1 

270 

160 

200 

100 

100 

100 

1 

1 

1 

730 

680 

90 

5 

0 

2 

30 

60 

4 

35 

0 

22 

10 

0 
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Surface  water 

All  stream  channels  draining  the  study  site  are  ephemeral.  Lay 
Creek,  which  flows  southwestward  across  the  central  part  of  the  site,  may 
have  standing  pools  of  water  along  its  course  throughout  the  summer.  Lay 
Creek  and  its  principal  tributary,  Bord  Gulch,  have  channel  gradients  of 
about  40  feet  per  mile.  Channel  gradients  of  other  streams  draining  the 
site  range  from  about  250  to  about  400  feet  per  mile. 

Annual  runoff  from  the  study  site  probably  does  not  exceed  about  200 
acre-feet.  Estimated  discharges  of  Lay  Creek  are  700  ft3/s  (cubic 
feet  per  second)  for  a  10-year  flood,  1,350  ft3/s  for  a  50-year  flood, 
and  1,700  ft3/s  for  a  100-year  flood.  Maximum  discharge  of  other 
streams  draining  the  site  should  not  exceed  200  ft^/s  for  a  100-year 
flood. 

Surface  runoff  from  the  tract  probably  contains  about  500  to  1,000 
mg/L  of  dissolved  solids;  it  probably  is  a  calc ium-magnes ium-sul fate-type 
water.   This  water  is  suitable  for  livestock  and  wildlife. 

The  lower  reach  of  Bord  Gulch  and  the  reach  of  Lay  Creek  for  at 
least  a  mile  upstream  and  downstream  from  the  mouth  of  Bord  Gulch 
probably  can  be  classified  as  alluvial  valley  floors  as  defined  in  Public 
Law  95-87.  Both  subirrigat ion  and  flood  water  irrigation  are  occurring 
in  these  reaches.  Water  in  the  alluvium  at  the  upstream  ends  of  these 
reaches  contains  less  than  500  mg/L  of  dissolved  solids.  Water  in  pools 
in  the  channel  of  Lay  Creek  at  the  downstream  end  of  the  subirrigated 
area  contains  about  2,100  mg/L  of  dissolved  solids.  This  may  be  due  to 
concentration  by  evaporation. 


Erosion  and  Sedimentation 

Erosion  is  most  pronounced  on  south-facing  slopes  where  steep 
gradients,  a  sparse  plant  cover,  and  gullied  channels  indicate  sediment 
yields  in  excess  of  2  acre-feet  per  square  mile  per  year.  The  north- 
facing  dipslope  surface  that  occurs  throughout  most  of  the  site  is 
comparatively  stable;  but  some  actively  eroding  channels,  as  much  as 
10  feet  deep,  indicate  local  erosion.  Sediment  yields  from  this  part  of 
the  site  probably  average  0.3  to  0.5  acre-foot  per  square  mile  per  year. 
The  average  sediment  yield  from  the  entire  site  is  estimated  to  be  about 
0.8  acre-foot  per  square  mile  per  year. 

Most  of  the  sediment  eroded  from  the  site  is  deposited  in  small 
reservoirs  or  stock  ponds  along  the  valleys  of  Bord  Gulch  and  Lay  Creek. 
As  a  result  of  sedimentation,  most  reservoirs  have  little  or  no  remaining 
capacity  to  store  water. 
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Wildlife 


The  study  area  provides  habitat  for  a  variety  of  wildlife  species 
inhabitating  the  sagebrush-grassland  ecosystem.  The  following  is  a 
list  of  the  more  common  species  that  may  be  found  on  the  study  area. 


antelope 
mule  deer 
elk 

bobcat 
coyote 
red  fox 

white-tailed  prairie  dog 
cottontails 
jackrabbits 
skunk 
weasel 
muskrat 
mink 
badger 

Merriam's  shrew 
Townsend's  big-eared  bat 
big  brown  bat 
long-eared  myotis 
little  brown  myotis 
small-footed  myotis 
yellow-bellied  marmot 
ground  squirrel 
deer  mouse 
grasshopper  mouse 
sagebrush  vole 
long-tailed  vole 
porcupine 
waterfowl 
turkey  vulture 
red-tailed  hawk 
Swainson's  hawk 
rough-legged  hawk 
ferruginous  hawk 
golden  eagle 
bald  eagle 
marsh  hawk 
prairie  falcon 
thirteen-lined  ground 
squirrel 


kestrel 

sharp-shinned  hawk 

sage  grouse 

ki  1  ldeer 

common  snipe 

longbilled  curlew 

American  avocet 

mourning  dove 

great-horned  owl 

nighthawk 

broadtailed  hummingbird 

Say's  Phoebe 

horned  lark 

violet-green  swallow 

bank  swallow 

barn  swallow 

cliff  swallow 

crow 

magpie 

brown  thrasher 

sage  thrasher 

robin 

meadow lark 

mountain  bluebird 

cedar  waxwing 

loggerheaded  shrike 

red-winged  blackbird 

Towhees 

sparrows 

tiger  salamander 

boreal  toad 

horned  toad 

leopard  frog 

western  garter  snake 

bull  snake 

prairie  rattlesnake 

lizzards 

killif ish 


About  20  to  40  antelope  may  be  found  the  year  round  in  the  study 
area.  These  are  a  segment  of  the  Big  Gulch-Lay  Creek  drainage  herd  which 
consists  of  200  to  400  animals.  The  area  is  within  the  boundaries  of 
Antelope  Management  Unit  A3W. 

Mule  deer  utilize  the  area  as  a  migration  route  and  winter  area. 
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Elk  have  been  observed  on  the  east  end  of  the  study  area.  They  do 
not  commonly  utilize  the  area. 

The  data  for  songbirds,  small  mammals,  and  reptiles  are  lacking. 
Those  species  noted  in  the  Maybell  and  Great  Divide  URA  associated  with 
sagebrush-grassland,  riparian,  and  cliff  areas  may  be  expected  to  be 
found  on  the  study  site  although  biological  factors  such  as  numbers, 
distribution,  habitat  requirements,  and  season  of  use  are  unknown  at  the 
present . 

The  raptors  listed,  with  the  exception  of  the  bald  eagle,  are 
common  users  of  the  area.  The  bald  eagle  can  be  listed  as  an  occasional 
winter  user. 

An  active  golden  eagle  nest  complex  of  four  nests  is  found  in 
sec.  6,  T.  7  N.  ,  R.  93  W.  Cliffs  in  sees.  5  and  6  have  potential  nest 
sites  for  other  falcons  and  hawks  as  well  as  eagles.  These  are  located 
within  1/2  mile  of  the  area  to  be  mined  and  within  1/8  to  1/5  mile  of 
County  Road  17.  Two  additional  active  golden  eagle  nests  are  located 
1/3  mile  south  of  the  study  area  in  sec.  31,  T.  8  N.,  R.  92  W.  ,  and 
sec.  36,  T.  8  N.,  R.  93  W.  Nesting  activity  for  other  raptors  has  not 
been  documented  within  the  study  area. 

No  threatened  or  endangered  species  are  known  to  inhabit  the  study 
area,  although  bald  eagles  are  occasional  winter  visitors.  The  presence 
of  black-footed  ferrets  cannot  be  discounted  as  prairie  dogs  are  found 
within  the  study  area. 

There  are  no  wild  horses  using  the  study  area. 

Sage  grouse  are  known  to  inhabit  the  study  area.  One  known  strut- 
ting ground  is  located  in  the  NE  1/4,  sec.  25,  T.  8  N.  ,  R.  94  W.  k 
suspected  strutting  ground  is  located  in  sec.  26,  T.  8  N.  ,  R.  93  W. 

Aquatic  and  riparian  habitats  are  found  along  Lay  Creek.  These 
areas  provide  nesting,  roosting,  and  feeding  habitat  for  waterfowl, 
shorebirds,  songbirds,  and  raptors.  The  presence  of  limited  perennial 
water  and  large  trees  makes  this  a  high  value  habitat  area. 


Cultural  Resources 


A  judgmental  reconnaissance  survey  for  prehistoric  and  historic 
values  was  conducted  on  a  potential  coal  lease  tract  on  Lay  Creek  by  BLM 
archaeologists  during  July  1979.  Within  this  tract  lies  the  Lay  Creek 
reclamation  study  area. 

Three  historic  sites  and  six  prehistoric  isolated  finds  were  identi- 
fied on  the  site.  The  historic  sites  include  two  homesteads  and  one 
trash  dump,  all  located  in  drainage  bottoms.  The  prehistoric  isolated 
finds  include  one  projectile  point  midsection  (base  and  tip  missing),  one 
find  of  two  flakes,  a  flake  along  with  leaf  fossils,  and  three  findings 
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of  one  flake  each.  All  the  prehistoric  isolated  finds,  except  one,  are 
located  on  the  ridgetops  and  benches.  The  one  exception  is  located  on 
the  first  terrace  above  Lay  Creek. 

No  evaluation  for  determination  of  eligibility  and  inclusion  to  the 
National  Register  of  Historic  Places  has  been  done,  pending  completion 
of  a  Class  III  survey.  Based  on  data  gathered  during  the  reconnaissance 
survey,  the  probability  is  80  percent  for  additional  prehistoric  sites/ 
isolated  finds  being  found  on  the  ridgetops  and  benches,  particularly  in 
the  juniper  areas,  and  30  percent  for  the  remaining  area.  A  70  to  80 
percent  probability  exists  of  finding  additional  historic  sites  in 
drainages,  especially  where  access  is  available  and  10  percent  for  the 
existing  area  (ridgetops,  slopes,  and  rolling  hills)  within  the  study 
tract . 


Visual  Resources 


The  visual  resources  of  the  Lay  Creek  area  are  typical  and  not 
uniquely  different  from  the  adjacent  drainage  areas  west  of  Craig. 
Topography  of  Lay  Creek,  besides  the  drainage  basin,  is  best  described  as 
rolling  hills  with  a  few  abrupt  sandstone  outcroppings .  Two  Visual 
Resource  Management  (VRM)  Classes  exist  within  the  study  site;  a  Class 
III  for  the  Lay  Creek  drainage  and  a  Class  IV  for  the  remaining  portion 
of  the  site.  The  area  confined  within  the  Lay  Creek  bottom  area  is 
affected  by  agricultural  production  of  livestock  feeds.  The  remaining 
portion  of  the  tract,  besides  a  few  dry  upland  farming  fields  is  com- 
prised of  native  vegetation,  predominantly  sagebrush,  grasses,  and  weedy 
f orbs .  Juniper  trees  are  present  on  outcroppings  and  steep  stony 
s lopes . 

The  VRM  definition  of  Class  III  is  that  contrasts  of  basic  elements 
(form,  line,  color,  and  texture)  caused  by  a  management  activity  may  be 
evident  and  begin  to  attract  attention  but  should  remain  subordinate  to 
the  existing  landscape.  Strip  mining,  vegetation  removal,  mining  facili- 
ties, roads,  and  rail  spurs  will  be  an  overwhelming  contrast  from  the 
natural  terrain  and  highly  visible  from  Moffat  County  Road  N-17. 

The  definition  of  VRM  Class  IV  is  that  contrast  may  attract  atten- 
tion and  be  a  dominant  feature  of  the  landscape  in  terms  of  scale  but 
should  repeat  the  form,  line,  color,  and  texture  of  the  characteristic 
landscape.  Severe  disruption  to  the  landscape,  caused  by  topsoil  and 
overburden  removal,  roads,  stockpiles,  and  heavy  equipment  associated 
with  surface  strip  mines  would  be  apparent  on  a  short-term  basis  until 
the  area  is  effectively  reclaimed.  Severe  visual  impacts  would  be 
manifested  on  any  areas  adjacent  to  the  visual  corridors  of  MCR-N-17. 
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Legal  Requirements 

The  development  of  Federal  coal  resources  will  require  the  lessee  to 
comply  with  all  Federal  regulations.  Further,  since  the  lessee  or  per- 
mittee will  not  be  an  instrumentality  or  agent  of  the  Federal  Government, 
he  must  also  comply  with  State  and  local  regulations. 

Federal 

The  first  major  Federal  mine-land  reclamation  regulations  were  pub- 
lished in  the  Federal  Register,  Volume  41,  No.  96,  May  17,  1976,  and 
were  the  forerunners  to  the  Surface  Mining  Control  and  Reclamation  Act 
of  August  1977.  This  Act,  Public  Law  95-87,  clearly  defines  the  regula- 
tions and  requirements  for  control  and  regulation  of  surface  mine  devel- 
opment of  coal  resources.  Section  515  of  this  Act,  Environmental  Protec- 
tion Performance  Standards-Permit  Requirements,  says  In  part  — " (a )  Any 
permit  issued  under  any  approved  State  or  Federal  program  pursuant  to 
this  chapter  to  conduct  surface  coal  mining  operations  shall  require  that 
such  surface  mining  operations  will  meet  all  applicable  performance 
standards  of  this  chapter,  and  such  other  requirements  as  the  regulatory 
authority  shall  promulgate."  General  Standards — "(b)  General  performance 
standards  shall  be  applicable  to  all  surface  coal  mining  and  reclamation 
operations. " 

The  following  standards,  generalized  and  summarized,  but  not 
inclusive,  shall  be  required  as  a  minimum. 

1.  Conduct  surface  coal  mining  operations  to  maximize  utiliz- 
ation and  conservation  of  solid  fuel  resources. 

2.  Restore  the  land  to  a  condition  capable  of  supporting  the 
uses  which  it  was  capable  of  prior  to  any  mining,  or  a 
higher  or  better  use. 

3.  Backfill,  compact,  and  grade  in  order  to  restore  the 
approximate  original  contour. 

4.  Stabilize  and  protect  all  surface  areas  to  effectively 
control  erosion  and  attendant  air  and  water  pollution. 

5.  Remove  the  topsoil  in  a  separate  layer;  replace  it  on 
backfill  area. 

6.  Restore  the  topsoil  or  the  best  available  subsoil  which  is 
best  able  to  support  vegetation. 
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7.  Identify  all  prime  farmland. 

8.  Create,  if  authorized,  permanent  impoundments  of  water. 

9.  Conduct  any  augering  operation  in  a  manner  to  maximize 
recoverability  of  mineral  reserves  and  seal  all  auger 
holes . 

10.  Minimize  the  disturbances  to  prevailing  hydrologic 
balance . 

11.  Stabilize  all  waste  piles  and  assure  the  final  contour. 

12.  Refrain  from  surface  coal  mining  within  500  feet  from 
active  or  abandoned  underground  mines  to  prevent  break- 
throughs . 

13.  Meet  such  other  criteria  as  are  necessary  to  achieve  rec- 
lamation in  accordance  with  the  purposes  of  this  chapter. 

Variance  provisions,  specifications,  and  mitigating  circumstances 
are  described  in  addition  to  the  above  performance  standards. 

Other  Federal  regulations  that  apply  to  surface  mining  and  develop- 
ment of  coal  resources  include  (1)  the  National  Environmental  Policy  Act 
of  1969  (Public  Law  91-190),  (2)  the  Endangered  Species  Act  of  1973 
(Public  Law  93-205),  (3)  the  Federal  Land  Policy  and  Management  Act 
(Public  Law  94-529),  and  the  BLM  Organic  Act. 

State 

Surface  mining  in  Colorado  is  regulated  by  the  "Colorado  Open 
Mining  Land  Reclamation  Act,  Colorado  Revised  Statutes."  Chapter  92, 
Article  13,  as  amended  September  15,  1973,  specifically  covers  reclama- 
tion of  surface-mined  lands.  It  requires  in  part — "A  permit,  bond,  and 
filing  fee  are  required  from  all  surface-mined  operations."  The  bond  is 
set  at  an  amount  to  ensure  the  completion  of  the  reclamation  plan. 

The  authority  for  enforcement  of  this  law  rests  with  the  Executive 
Division  of  the  Department  of  Natural  Resources.  Other  applicable  laws 
or  regulations  include  the  Colorado  Water  Pollution  Control  Act,  Chapter 
66,  Article  28,  Colorado  Revised  Statutes  as  amended. 

Local 

There  are  county  zoning  regulations  that  affect  strip-mining  opera- 
tions; namely,  in  the  area  of  sanitation  practices,  disposal  of  wastes, 
and  the  use  of  culinary  water. 

The  local  regulations  are  not  intended  to  be  as  explicit  regarding 
development  and  reclamation  of  surface-mined  lands  as  are  the  Federal 
and  State  regulations.   The  successful  reclamation  and  revegetation  of 
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surface-mined  areas  will,  however,  depend  upon  an  environmental  awareness 
and  an  intensive  and  coordinated  effort  by  industry,  the  public,  and 
State  and  Federal  regulatory  agencies. 


Secretary  of  the  Interior  Unsuitabil ity  Criteria 
Supplement  to  BLM  Management  Framework  Plan 

Section  522  of  the  Surface  Mining  Control  and  Reclamation  Act 
requires  the  Secretary  of  the  Interior  to  conduct  a  Federal  lands  review 
in  order  to  determine  those  lands  unsuitable  for  surface  coal  mining. 
Through  the  application  of  specific  "unsuitabi 1 i ty"  criteria,  areas 
within  the  Williams  Fork  Planning  Unit  have  been  designated  not  suitable 
for  coal  leasing.  These  unsuitable  areas  contain  key  features  and 
environmental  sensitivities  which  make  mining  environmentally  unaccept- 
able or  not  compatible  with  other  land  uses. 

Two  areas  within  the  Lay  Creek  study  site  have  been  designated  not 
suitable  for  coal  leasing  as  shown  in  Figure  15.  One  area,  in  sec.  30, 
represents  a  buffer  zone  protecting  an  active  strutting  ground  for  sage 
grouse  from  disturbance.  The  other  area,  in  sees.  26  and  27,  represents 
surface  ownership  against  leasing  of  Federal  coal  under  their  land. 

Detailed  information  on  the  Federal  Lands  Review  process,  unsuit- 
ability  criteria,  and  supportive  data  are  available  in  the  Management 
Framework  Plan  Supplement  for  the  Williams  Fork  Planning  Unit  at  the 
Craig  District  Office  of  the  Bureau  of  Land  Management,  455  Emerson 
Street,  Craig,  Colo.  81625. 
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Areas  considered  unsuitable  for  mining  after  applying  the  Unsuitability   Criteria. 
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Physical  and  Chemical  Characteristics  of 
Available  Plant  Growth  Media 

Soils 

The  naturally  occurring  soils  within  the  study  area  generally  have 
few  major  problems  relative  to  their  potential  use  as  a  plant  growth 
media.  Physical  properties  as  shown  by  the  many  soil  profiles  are 
good,  with  most  surface  layers  or  topsoil  textures  in  the  sandy  loam 
to  clay  loam  range.  Soil  profiles  which  are  shallow,  less  than  8  inches 
in  depth,  were  designated  as  unsuitable  for  use  as  a  plant  growth  media. 

Chemical  properties  of  all  surface  soils  were  adequate;  and  where 
sufficient  soil  depth  occurred,  most  soils  were  designated  as  suitable 
for  stockpiling  and  reuse  as  a  plant  growing  media. 

Most  subsoils  were  suitable  at  least  to  the  3-foot  depth  for  most 
of  the  lands  classified  as  classes  1  and  2.  In  a  few  instances  the 
subsoil  was  classified  as  having  limited  suitability  due  to  moderately 
high  electrical  conductivity  readings  and  moderately  high  SAR  values. 
Most  of  the  subsoils  classified  as  unsuitable  for  plant  growth  media  were 
downgraded  because  of  either  high  electrical  conductivity  (high  soluble 
salts),  SAR  values,  or  exchangeable  sodium  percentages.  The  unsuitable 
subsoils  were  generally  of  fine  textures  (clay  and  silty  clay)  with  low 
estimated  hydraulic  conductivity  rates. 

Most  lands  with  unsuitable  topsoils  and  subsoils  were  those  areas  of 
shallow  residual  soils  developed  from  underlying  shales.  They  are  found 
principally  in  the  northern  part  of  sec.  30  in  the  vicinity  of  drill  hole 
No.  4.  They  also  include  the  shalLow  soils  of  the  broken,  rough,  eroded 
badlands.   They  are  designated  as  class  6  lands  on  the  soil  maps. 

Overburden  materials 

The  overburden  and  interburden  material  above  and  between  coal 
seams  consists  of  sandstone,  shale,  and  siltstone.  Sandstone  comprises 
approximately  68  percent  of  the  overburden;  shale,  19  percent;  sandstone/ 
shale,  8  percent;  and  coal,  5  percent  in  drill  holes  1,  2,  and  3. 
Geologic  material  in  drill  hole  4  consists  of  less  sandstone,  approxi- 
mately 46  percent;  while  shale,  siltstone,  and  shale/silts  tone  make  up 
49  percent  and  coal  5  percent.  Coal  thickness  in  all  four  holes  is  nearly 
uniform  and  ranges  from  10  feet  thick  in  drill  hole  No.  2  to  14.5  feet 
thick  in  drill  hole  No.  4. 
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Most  of  the  overburden  material  is  unsuitable  or  of  limited  suit- 
ability as  a  plant  growth  media.  The  suitability  as  determined  from 
core  sample  analyses  is  summarized  in  Table  13  on  the  following  page. 

The  geologic  overburden  materials  in  drill  holes  1  and  2  seem  to 
possess  better  characteristics,  both  physical  and  chemical,  for  use  as 
a  plant  growth  media.  Drill  holes  3  and  4  are  almost  all  unsuitable  or 
of  limited  suitability.  Because  of  the  limited  or  unsuitable  character- 
istics of  most  of  the  overburden  materials,  it  will  be  necessary  during 
reclamation  and  revegetation  to  require  a  topsoil  dressing  be  placed  over 
the  raw  overburden  spoil  banks. 


Quantities  of  Plant  Growth  Media  and  Overburden 

The  land  classification  study  as  discussed  previously  identified 
1,967  acres  of  land  delineated  as  suitable  for  use  as  a  plant  growth 
medium.  These  areas  are  shown  on  Figure  16.  The  classification  identi- 
fied approximately  1,133  acres  of  class  1  with  a  minimum  strippable 
depth  of  42  inches.  Class  2  lands  total  494  acres  and  have  a  minimum 
strippable  depth  of  18  inches.  Class  3  lands,  while  suitable  as  a  plant 
growth  media,  are  shallow;  less  than  8  inches;  or  have  other  deficiencies 
that  limit  their  use  as  a  strippable  plant  growth  media.  These  deficien- 
cies are  ultimately  expressed  as  an  economic  factor  or  limitation  as  to 
the  ease  of  stripping  and  stockpiling  for  use  as  a  top  dressing  on  over- 
burden spoil  banks. 

It  is  estimated  that  approximately  1,967  acres  of  suitable  plant 
growth  medium  overlies  strippable  coal.  Utilizing  soil  depth  and  area  it 
is  felt  that  sufficient  soil  or  plant  growth  media  are  available  for  use 
as  replaced  topsoil  for  reclamation  of  the  study  site. 

The  bulk  of  the  overburden  and  interburden  material  at  the  Lay 
Creek  site  is  of  limited  or  unsuitable  quality  for  use  as  a  weathered 
plant  growth  medium.  Most  of  the  overburden  material  overlying  strip- 
pable coal  is  composed  of  the  sandstone  and  shale  members  of  the  Fort 
Union  Formation.  Cast  overburden  from  this  formation  tends  to  weather 
rather  rapidly  into  spoil  banks  of  silt-  and  clay-sized  particles. 
Because  of  the  physical  and  chemical  properties  of  this  material  it  will 
be  necessary  to  top  dress  the  spoil  banks  to  a  minimum  depth  of  4  to  6 
inches  of  replaced  topsoil  to  facilitate  reclamation  and  revegetation. 


General  Feasibility  for  Revegetation 

The  feasibility  for  revegetation  and  reclamation  of  the  Lay  Creek 
site  will  depend,  as  discussed,  on  a  number  of  factors  including  climate; 
soil;  and  geologic,  hydrologic,  topographic,  and  biotic  materials.  These 
factors  along  with  the  postmining  land  use  selection  will  in  large  part 
determine  the  feasibility  and  success  of  revegetation  and  reclamation. 
The  information  gathered  during  the  study  indicates  an  opportunity  exists 
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Table  13 

Overbur 

den  suitability 

Drill 

Thickness 

Weathering 

Hole 

or  depth 
(feet) 

Ma  t  e  r  i  a 1 

Limi  ting 

def  iciency 

rate 
(percent) 

Suitabil i ty 

No. 

PH 

ECxl0J 

ESP 

SAK 

rating 

1 

42.0-  50.6 

Shale 

8.2 

1.02 

2.9 

0.5 

38 

Limi ted 

52.5-  58.0 

Shale 

7.8 

2.08 

1.4 

.4 

Limi ted 

2 

27.1-  48.0 

Shale 

8.3 

1.67 

2.1 

1.0 

Limited 

58.0-  75.0 

Shale 

8.3 

.99 

3.5 

.5 

Limited 

129.5-146.9 

Sandstone 

8.6 

1.02 

6.7 

.5 

100 

Limited 

177.3-204.5 

Shale 

8.4 

1.45 

1.9 

1.8 

100 

Limited 

217.5-252.1 

Sandstone 

9.5 

1.00 

7.5 

7.0 

Limited 

271.4-303.4 

Sandstone 

8.4 

1.62 

11.0 

2.5 

Limi  ted 

3 

13.6-  25.1 

Shale 

9.4 

1.44 

12.0 

14.0 

Unsuitable 

28.6-  38.7 

Shale 

9.8 

1.46 

22.0 

15.0 

Unsui  table 

47.4-  55.0 

Sandstone 

9.9 

1.12 

37.0 

15.0 

Unsui  table 

55.0-  65.2 

Shale 

9.9 

1.44 

35.0 

19.0 

Unsuitable 

71.7-  86.9 

Sandstone 

9.9 

1.86 

39.0 

24.0 

100 

Unsui  table 

102.6-123.9 

SS/shale 

9.9 

1.43 

36.0 

15.0 

100 

Unsuitable 

184.2-200.1 

Sandstone 

9.5 

1.49 

30.0 

21.0 

Unsui  tab le 

200.1-210.9 

Sandstone 

9.1 

1.76 

26.0 

17.0 

Unsuitable 

Coal  -  11.3 

225.4-254.1 

Siltstone 

9.5 

2.10 

44.0 

35.0 

61 

Unsui  table 

4 

13.0-  22.6 

Siltstone 

9.4 

1.04 

6.1 

11. 0 

Limited 

22.6-  36.5 

Shale 

9.9 

1.02 

27.0 

14.0 

Unsuitable 

36.5-  47.2 

Sandstone 

9.8 

1.71 

36.0 

25.0 

Unsuitable 

57.0-  66.3 

Sandstone 

9.9 

2.21 

39.0 

27.0 

Unsuitable 

69.5-  74.0 

Siltstone 

9.9 

1.44 

37.0 

22.0 

Unsui  tab le 

74.0-  82.1 

Shale 

10.0 

1.39 

42.0 

21.0 

Unsuitable 

95.5-111.3 

Siltstone 

9.7 

1.50 

36.0 

25.0 

100 

Unsuitable 

120.4-192.0 

Sandstone 

9.9 

1.53 

39.0 

21.0 

0 

Unsui  table 

192.0-223.2 

Shale 

9.8 

1.70 

38.0 

23.0 

Unsui tab le 

Coal  -  14.5 
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to  successfully  revegetate  and  reclaim  the  surface-mined  areas  of  Lay 
Creek  when  utilizing  proper  techniques  and  management  practices. 

The  study  also  reveals  possible  problems  associated  with  using 
the  overburden  material  as  plant  growth  media.  The  most  significant 
problem  would  be  the  high  sodicity  of  much  of  the  overburden  material, 
including  some  of  the  deep  subsoils,  and  a  related  problem  of  slow 
permeability.  These  conditions  preclude  the  use  of  the  overburden  as  a 
plant  growing  media,  except  as  it  is  top  dressed  with  replaced  topsoil. 

The  study  indicates  a  feasibility  exists  for  successful  revegeta- 
tion  and  reclamation  of  surface-mined  areas  using  the  latest  techniques 
and  management  practices.  It  must  be  noted,  however,  that  for  restora- 
tion to  the  original  ecosystem,  a  longer  time  frame  would  be  required. 

Nutrient  deficiencies 

Greenhouse  studies  on  selected  soil  and  overburden  samples  from  the 
Lay  Creek  site  indicate  phosphorus  and/or  potassium  deficiencies  exist 
or  are  common  to  nearly  all  samples.  A  potential  micronutrient  defi- 
ciency especially  for  copper  exists.  It  was  pointed  out,  however,  that 
micronutrient  deficiencies  would  not  be  considered  a  major  fertility 
problem.  The  phosphorus  and  potassium  deficiencies  can  be  corrected  by 
applying  fertilizer  during  the  revegetation  and  reclamation  process. 

Climate  and  water 

Variability  of  precipitation  is  the  greatest  constraint  to  revegeta- 
tion. The  following  management  practices  should  be  used  to  improve 
revegetation  of  mined  lands. 

1.  Reclamation  strategy  should  include  plans  and  resources  for 
multiple  seeding  attempts  since  the  establishment  of  vege- 
tation is  likely  to  fail  occasionally.  Supplemental  water 
should  be  considered,  although  it  probably  would  be  more 
economically  reasonable  to  have  an  occasional  failure  and 
replanting. 

2.  Mulching,  special  shaping,  and  contouring  of  the  land  sur- 
face should  be  considered  for  increasing  soil  moisture 
capacity  and  storage  capability  and  reducing  evapotrans- 
piration  demand. 

3.  Snow  management  techniques  should  be  used  to  reduce  the 
chances  of  winterkill  of  young  plants,  increase  soil  mois- 
ture into  spring  and  summer,  and  decrease  wind  erosion  and 
desiccation  by  occasional  high  winds. 

Careful  selection  of  plant  species  with  respect  to  climate  sensi- 
tivity will  be  critical.  The  following  factors  should  be  considered  in 
selection  of  desirable  plant  species  to  be  used  in  revegetating  the  site. 
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1.  Large  daily  variations  in  temperature  and  precipitation 
will  demand  that  hardy  species  be  chosen  that  can  withstand 
harsh  changes  during  critical  developmental  stages. 

2.  Fall  seeding  (for  spring  germination)  is  preferred  to  take 
full  advantage  of  spring  precipitation  for  plant  establish- 
ment. Dates  for  fall  seeding  should  be  based  on  seed 
germination  and  ambient  temperature  requirements.  Late 
fall  warm  periods  may  occur  and  cause  premature  germina- 
tion resulting  in  a  revegetation  failure. 

Toxic  materials 

Selected  tests  from  the  Greenhouse  Study  (Appendix  E)  on  samples 
from  the  study  site  indicate  no  significant  accumulations  or  deleterious 
effect  from  toxic  materials  other  than  sodium.  Data  from  samples  tested 
did  indicate  a  possible  copper  deficiency  in  some  overburden  materials. 
Tests  for  arsenic,  selenium,  and  lead  fell  below  the  10  ppm  detection 
limit . 


Recommendations  for  Reclamation  to 
Suit  Selected  Postmining  Use 

i  -         i  i  i    i         i 

Handling  and  placement  of  soil  and  overburden  material 

The  land  areas  delineated  as  suitable  (land  classes  1  and  2)  for 
stockpiling,  and  ultimately  as  replaced  topsoil,  should  be  mechanically 
stripped  and  stockpiled  in  such  a  way  as  to  minimize  compaction  and 
reduce  wind  and  water  erosion.  During  the  stripping  and  stockpiling 
operation,  care  should  be  exercised  so  as  to  reduce  contamination  from 
unsuitable  layers  of  both  soil  and  overburden  materials. 

The  overburden  (bedrock)  material  should  be  removed  and  cast  when- 
ever possible  so  that  the  more  unsuitable  layers  are  buried  deep,  with 
the  suitable  and  limited  suitable  materials  at  or  near  the  surface. 

Since  surface  mining  by  its  nature  destroys  completely  the  original 
surface  or  topsoil,  it  is  necessary  to  develop  a  suitable  medium  for 
plant  growth  if  reclamation  and  revegetation  is  to  be  accomplished. 
Topsoil  salvage  and  top  dressing  is  a  means  of  accomplishing  this  prin- 
ciple and  is  more  acceptable  and  susceptible  to  success  than  the  use  of 
overburden  materials.  The  use  of  overburden  materials  with  satisfactory 
textural,  chemical,  and  physical  properties,  coupled  with  a  fertilization 
program,  could  provide  the  mechanical  support  and  be  suitable  as  a  plant 
growth  media.  This,  however,  is  impractical  at  the  Lay  Creek  site  since 
a  limited  amount  of  suitable  overburden  material  and  top  dressing  will 
be  required. 

To  accomplish  revegetation,  surface  manipulation  of  the  spoil 
banks  will  be  a  reclamation  requirement.    This  manipulation  consists 
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of  modifying  the  spoil  surface  into  configurations  which  facilitate 
postmine  land  use  requirements  and  blends  with  the  topography  and 
contour  of  the  overall  area.  To  enhance  revegetat ion,  surface  manipula- 
tion must  also  reduce  erosion  by  reducing  the  rate  and  amount  of  surface 
runoff,  thereby  improving  plant  growth  medium  moisture  conditions  which 
will  allow  for  the  establishment  of  vegetative  cover. 

Shaping  of  spoil  for  aesthetics  and  erosion  control 

The  cast  overburden  spoils  should  be  surface  manipulated,  shaped, 
and  top  dressed  with  replaced  topsoil.  Revegetation  should  include 
vegetative  species  to  conform  with  the  natural  ecosystem  and  the  selected 
postmining  land  use.  Former  dryfarmed  areas  on  the  mesa  lands  can 
be  restored  by  controlling  slope  and  slope  orientation  through  mechanical 
manipulation  of  the  spoil  banks.  Restoration  of  the  natural  slope 
and  contour  would  limit  slopes  to  less  than  15  percent  with  a  moderately 
undulating  topography. 

Restoration  of  the  rangelands  and  wildlife  habitat,  including 
badland  areas  disturbed  by  surface  mining,  will  require  a  greater  effort 
to  retain  the  natural  aesthetics  of  the  area.  Reshaped  spoil  banks 
will  need  to  blend  with  the  existing  landscape  and  still  ensure  slope 
stability,  control  erosion,  and  establish  native  vegetation. 

Conservation  measures  needed  to  ensure  erosion  control 

Control  of  erosion  at  the  Lay  Creek  study  site  will  be  dependent 
upon  the  effective  reestablishment  of  perennial  vegetation.  The  method 
or  methods  of  mechanical  treatment  used  to  establish  the  vegetative 
cover  on  the  reshaped  spoil  will  assist  in  the  control  of  erosion. 
The  main  objectives  of  the  mechanical  treatment  to  establish  vegeta- 
tion include  (1)  treatments  to  effectively  reduce  surface  runoff  and 
improve  water  infiltration  and  (2)  methods  to  increase  and  store  soil 
moisture . 

Methods  to  accomplish  these  objectives  and  enhance  the  vegetative 
succession  include  reshaped  and  contoured  spoil  banks,  topsoil  replace- 
ment, contour  plowing  or  terracing,  dozer  basins,  deep  chiseling,  pit- 
ting, ditching,  listering  or  gouging,  discing,  and  mulching.  These 
treatments  are  not  only  effective  in  controlling  surface  runoff  but  will 
also  control  wind  erosion.  They  assist  in  conserving  moisture  by  provid- 
ing catchment  basins  for  snow  and  runoff  and  also  increase  the  infiltra- 
tion rate. 

Conservation  to  control  erosion  following  the  reestablishment 
of  perennial  vegetation  will  consist  of  management  practices  to  control 
use  of  the  area  and  establish  a  healthy  plant  community.  These  practices 
will  include  a  fertilization  program,  irrigation  when  necessary,  and 
fencing  to  control  trespass  and  grazing. 
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Selection  of  Species  for  Seeding 

Regulations  governing  reclamation  require  a  return  of  surface-mined 
lands  to  approximately  their  natural  state  and  revegetating  with  predomi- 
nantly native  plants.  In  a  sense,  this  is  an  attempt  to  bypass  the 
stages  of  secondary  succession  and  produce  a  stable  community. 

The  native  vegetation  as  it  occurred  before  mining,  however,  will 
not  be  a  stable  community  on  postmined  land.  The  entire  ecosystem  of 
mined  land  has  been  disrupted  and  changes  have  occurred  from  the  micro- 
climate to  soils  developing  from  different  parent  material.  The  scheme 
of  reclamation,  as  it  occurs  today,  stockpiles  soils  of  several  different 
plant  communities.  This  soil  is  used  to  cover  an  area  that  supported 
several  plant  communities,  before  mining,  with  a  uniform  depth  of  soil. 
Then  a  mixture  of  predominantly  native  species  is  seeded,  resulting  in  a 
single  plant  community  being  established  where  several  occurred  before 
mining.  Through  secondary  succession,  nature  will  establish  a  vegetative 
composition  of  specified  plants  adapted  to  the  environmental  conditions 
present  following  reclamation. 

Seeding  a  native  mixture  to  initiate  a  later  stage  of  secondary 
succession  on  strip-mined  land  is  probably  the  most  stable  community 
that  can  be  established  with  present  day  knowledge. 

The  following  list  of  plant  species  represents  the  native  potential 
vegetation  for  the  study  site.  This  list  should  be  used  in  developing 
a  species  mixture  for  revegetation  on  the  study  site. 


Grasses 
Thickspike  wheatgrass 
Slender  wheatgrass 
Streambank  wheatgrass 
Western  wheatgrass 
Bluebunch  wheatgrass 
Sheep  fescue 
Prairie  junegrass 
Indian  ricegrass 
Sandberg  bluegrass 
Nevada  bluegrass 
Squirreltail 
Need le-and- thread 
Columbia  needlegrass 
Letterman  needlegrass 
Mut tongrass 
Basin  wildrye 
Sand  dropseed 
Galleta 


Forbs 
Vetch 
Buckwheat 
Balsamroot 
Phlox 

Globemal low 
Lupine 
Yarrow 
Aster 
Penstemon 
Herbaceous  sage 
Indian  paintbrush 
Stoneseed 
Fleabane 
Hawksbeard 
Gilia 


Shrubs 
Sagebrush 
Rabbitbrush 
Serviceberry 
Bitterbrush 
Juniper 
Saltbush 
Greasewood 
Shadscale 
Winterfat 
Fourwing  saltbush 
Snowberry 
Horsebrush 


There  are  no  identified  endangered  or  threatened  plant  species 
on  the  study  site  or  surrounding  area. 
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Introduced  species  which  have  an  adaptation  to  the  area  include 


Whitmar  wheatgrass 
Siberian  wheatgrass 
Crested  wheatgrass 
Critana  wheatgrass 
Pubescent  wheatgrass 
Russian  wildrye 


Volga  wildrye 

Durar  hard  fescue 

Prostrate  summercypress 

Vetch 

Clover 


Reclamation  efforts  should  be  directed  toward  the  development  of 
diverse  and  self-perpetuating  plant  communities.  Because  of  precipita- 
tion patterns  of  the  area,  those  species  which  take  advantage  of  early 
spring  moisture,  germinate  early,  and  concentrate  their  growth  during  the 
early  growing  season  offer  the  best  choice  for  stable  plant  communities. 
Other  considerations  which  should  influence  the  selection  of  species  for 
revegetation  include  (1)  their  natural  adaptation  for  the  area,  (2)  their 
ability  to  establish,  (3)  their  ability  to  provide  cover  and  soil  stabil- 
ity, (4)  their  nutritional  value  and  palatability  for  wildlife  and  domes- 
tic livestock,  (5)  their  drought  resistance,  and  (6)  their  disease 
res  istance . 


Seeding  Methods 

Any  practice  that  would  enhance  natural  revegetation  should  be 
initiated  in  the  reclamation  process.  Plant  material  cleared  from  the 
premining  area  should  be  saved  and  incorporated  in  the  resurfacing  soil 
or  used  as  a  mulch.  Plant  material  removal  and  topsoil  removal  should 
follow  production  of  a  seed  crop.  This  will  allow  a  seed  crop  to  be 
stockpiled  with  the  soil  and  plant  material. 

Transplanting  pads  of  natural  shrubby  vegetation  will  provide 
a  quick  wildlife  cover  and  enhance  natural  revegetation.  This  can 
be  accomplished  with  the  use  of  a  front-end  loader.  Mature  healthy 
shrubs  can  also  be  transplanted  with  a  tree  spade.  The  front-end  loader, 
however,  can  transplant  more  area  and  provide  a  greater  variety  of 
vegetation. 

If  a  mulch  is  applied  for  improvement  of  soil  characteristics, 
it  should  be  incorporated  into  the  soil  before  seeding.  Adequate 
nitrogen  must  be  available  to  break  down  the  mulch.  If  fertilizers 
are  used  to  increase  soil  nutrient  levels  or  to  break  down  soil  addi- 
tives, they  should  be  incorporated  into  the  soil  before  or  during 
seeding. 

Following  placement  of  the  plant  growth  media  (topsoil)  a  seedbed 
should  be  prepared.  The  area  to  be  seeded  should  be  ripped  or  subsoiled 
to  alleviate  compaction  by  heavy  equipment  and  to  enhance  water  infiltra- 
tion. The  soil  preparation  should  provide  an  even  and  firm  seedbed 
to  allow  regulation  of  uniform  planting  depth.  Seed  should  be  drilled 
on  the  contour  or  perpendicular  to  the  slope.  The  depth  placement  of  a 
seed  is  roughly  proportional  to  its  size.   Most  grass  seed  should  be 
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seeded  to  a  depth  of  1/2  to  3/4  of  an  inch.  Small  seed  should  be  broad- 
cast and  seeded  to  a  depth  of  1/2  or  3/4  of  an  inch.  This  can  be  accom- 
plished by  allowing  half  the  small  seed  to  be  planted  in  the  grass 
seed  furrow  and  the  other  half  to  be  broadcast  behind  the  grass  seed  with 
the  minimal  amount  of  cover  provided  by  the  drill  drags.  Large  seeds, 
having  long  germination  periods,  should  be  seeded  deeply  enough  to 
ensure  a  moisture  supply  during  germination. 

To  enhance  germination  and  obtain  an  established  stand  of  grass, 
fall  seeding  is  recommended.  A  rangeland  or  deep  furrow  drill  should 
be  used. 

Bare-root  stock  or  container-grown  shrubs  should  be  planted  in  the 
early  spring.  The  use  of  bare-root  or  container  stock  should  be  in  con- 
junction with  rodent  and  wildlife  protection.  To  enhance  establishment 
and  growth  of  shrubs,  they  should  be  planted  in  areas  that  receive  more 
effective  moisture  such  as  north  slopes,  areas  of  slow  runoff,  and  areas 
that  are  protected  from  wind  and  have  a  low  evapotranspirat  ion  ratio. 


Surface  Protection 

As  discussed  in  the  land  suitability  section,  sufficient  topsoil 
is  available  for  resurfacing  the  study  site;  and  regulations  require  a 
return  to  the  natural  state  following  mining.  In  this  case,  lack  of  root 
mass  and  loss  of  soil  structure  is  perhaps  the  main  difference  separating 
revegetation  following  mining  and  revegetation  following  a  burn.  The 
problem  will  be  essentially  to  hold  the  topsoil  from  erosion  until 
sufficient  vegetation  cover  can  be  developed. 

Seasonal  wind  erosion  will  perhaps  be  the  greatest  effect  during 
reclamation.  Although  premining  wind  erosion  is  not  a  major  factor, 
mining  will  void  extensive  areas  of  vegetation.  Measures  to  counteract 
loss  of  natural  wind  barriers  will  be  needed  to  prevent  wind  erosion 
during  vegetation  establishment. 

Wind  erosion  decreases  with  the  reduction  of  wind  velocity  hitting 
the  ground.  This  reduction  may  be  accomplished  through  surface  rough- 
ness. A  standing  stubble  or  cover  crop  has  proven  the  most  effective 
surface  roughness.  A  fast  growing  annual  should  be  used  as  a  cover  crop 
and  should  either  be  a  sterile  hybrid  or  not  allowed  to  set  viable  seed. 
This  will  allow  a  quick  cover  and  eliminate  competition  from  the  cover 
crop.  Surface  roughness  can  also  be  produced  through  tillage  operations 
that  form  ridges  or  bring  clods  to  the  surface.  The  tillage  operation 
should  be  at  right  angles  to  the  prevailing  wind.  Applied  mulch  can  also 
be  an  effective  surface  roughness  treatment.  To  be  effective,  however, 
the  mulch  cannot  be  incorporated  into  the  soil  but  should  be  anchored  to 
the  soil  surface. 

Although  adequate  topsoil  is  available  in  the  study  area  to  resur- 
face the  mined  area,  adjoining  or  similar  areas  may  not  be  as  fortunate. 
It  should  be  noted  that  existing  land  disturbance  in  the  area  indicates 
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a  very  sanay  condition  will  persist  if  adequate  organic  matter  is  not 
available  in  the  resurfacing  material.  This  condition  would  occur  it 
overburden  material  is  used  as  a  plant  growth  media. 

Wind  erosion  control  would  be  very  critical  should  overburden 
material  be  used  as  a  resurfacing  material,  (plant  growth  media).  Sandy 
material  is  Highly  erodible,  and  its  abrasive  action  and  inundating 
effect  can  destroy  established  stanas  of  vegetation.  Revegetation 
studies  of  sandy  material,  in  an  environment  similar  to  the  study  site, 
are  needed.  Generalizations  can  be  made.  Only  the  very  minimal  sandy 
area  should  be  exposed  at  one  time.  Work  should  start  at  the  most  upwind 
location  to  be  disturbed  and  progress  downwind.  Wind  barriers  that 
absorb  or  deflect  the  direct  impact  of  erosive  winds  wiLl  be  needed, 
barriers  snould  be  at  right  angles  to  the  prevailing  wind  and  could 
consist  of  almost  anything — vegetation  strips,   picket  fence,  or  rock. 

Measures  to  control  water  erosion  will  also  oe  necessary.  Surface 
gouging,  contour  furrows,  and  drill  furrows  should  be  used  for  water 
retention  and  soil  holding  in  an  effort  to  minimize  and  control  surface 
runotf  and  to  add  water  to  the  soil  profile.  A  cover  crop  or  mulch 
used  for  surface  stabilization  against  wind  erosion  would  also  be  bene- 
riciai  in  controlling  surface  runoff. 


Postmining  Land  Management 

Proper  pos tmanagement  of  the  reclaimed  area  is  essential  if  reclama- 
tion is  to  be  successful.  The  reseeded  area  should  be  protected  from 
grazing  until  vegetation  is  sufficiently  developed  and  established 
to  withstand  grazing  use  without  damaging  the  vegetative  cover.  Once 
established,  a  planned  grazing  system  should  be  used  to  graze  the  area. 

in  the  event  weed  growth  prevents  the  likely  survival  of  the  seeded 
species  during  establishment,  acceptable  methods  of  weed  control  should 
be  used.  If  noxious  weeds  invade  the  rehabilitation  site,  acceptable 
methods  of  removal  should  be  used.  Corrective  measures  should  be  taken 
to  stop  any  erosion. 

A  portion  of  the  precipitation  runoff  should  be  intercepted  by 
reservoirs  following  reclamation.  These  impoundments  will  provide 
water  for  wildlife  ano  livestock  use. 

As  indicated  in  the  hyarology  section,  existing  reservoirs  have 
little  or  no  remaining  capacity  to  store  water.  With  the  building  of 
new  reservoirs,  adequate  measures  snould  be  taken  to  extend  the  life 
of  water  impoundments  as  long  as  possible. 

To  maintain  adequate  fertility  levels  in  the  soil,  a  fertility 
program  of  several  years  may  be  necessary. 
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GEOLOGIC  DATA 

FOR 

RECLAMATION  EVALUATION 

LAY  CREEK  STUDY  SITE 

EMRIA  STUDY 
LAY  CREEK,  COLORADO 


INTRODUCTION 

The  data  included  within  this  report  was  collected  as  part  of  the  De- 
partment of  Interior's  EMRIA  study  of  the  Lay  Creek  Study  Site.   EMRIA 
(Energy  Mineral  Rehabilitation  Inventory  and  Analysis)  is  an  inter- 
agency approach  to  field  data  collection,  analysis,  and  interpretation 
of  soil,  water,  overburden,  and  energy  resource  data.   It  is  the  objec- 
tive of  this  program  to  assure  that  adequate  baseline  data  is  collected 
and  that  lease  stipulations  are  established  for  mined-land  reclamation. 

As  part  of  this  study  the  Geology  Branch  drilled  four  core  holes  within 
the  study  area  for  the  procurement  of  core  samples  to  be  used  for  the 
analysis  of  geological  strata  in  overburden  materials.   In  addition,  a 
geologic  map  and  cross-section  was  prepared. 


LOCATION 

The  study  area  is  located  on  the  north  flank  of  the  Mud  Spring  Anticline 
in  the  southern  part  of  the  Wyoming  Basin  physiographic  province  of  the 
Rocky  Mountain  system.   The  anticlinal  axis  trends  approximately  N50°W. 
The  study  area  is  characterized  by  gentle,  north  sloping  mesas  and  well 
incised  drainages.   Elevations  within  the  site  range  from  6,400  to  7,000 
feet. 


REGIONAL  GEOLOGY 

Exposed  rocks  in  the  study  site  are  sedimentary  in  origin  and  consist 
almost  entirely  of  Tertiary  age  formations.   A  generalized  stratigraphic 
section  of  these  sedimentary  rocks  is  shown  on  page  90  (Plate  18,  USGS 
Bulletin  1027) .   Formation  beds  within  the  area  strike  approximately 
N85°E  and  dip  gently  northward  from  the  axis  of  the  anticline.   Older 
formations  of  Upper  Cretaceous  age,  underlie  the  site  at  depth  and  are 
exposed  immediately  south  of  the  site.   The  uppermost  Cretaceous  unit, 
the  Lance  Formation,  consists  of  interbedded  gray  shale,  tan  to  light 
brown,  soft,  fine-grained  sandstone,  and  a  few  coal  beds.   The  formation 
is  about  1,050  to  1,500  feet  thick  and  is  succeeded  northward  by  pro- 
gressively younger  rock  members. 

The  Fort  Union  Formation  unconf ormably  overlies  the  Lance  Formation  and 
as  encountered  by  drill  holes  DH-1  through  DH-4 ,  consists  of  interbedded 
sandstones,  siltstones,  shale,  and  coal.   The  properties  of  the  sandstone 
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varied  considerably  within  each  hole,  ranging  from  fine-  to  medium- 
grained,  poorly  to  well  sorted,  and  weakly  to  moderately  well  cemented. 
Some  intervals  were  very  porous  and  crumbly.   Locally,  the  shale  con- 
tained leaf  and  invertebrate  fossil  remains.   Two  of  the  coal  seams 
found  in  the  upper  portion  of  the  Formation,  the  Emerson  and  Blevin 
seams,  are  locally  quite  thick  and  are  of  economic  importance.   As  indi- 
cated by  drill  hole  data,  the  Blevin  seam  ranges  from  10.0  to  14.5  feet 
thick.   Although  Bureau  of  Reclamation  drill  holes  were  not  deep  enough 
to  penetrate  the  Emerson  seam,  geologic  literature  indicates  that  the 
seam  ranges  from  approximately  10  to  25  feet  thick.   The  Fort  Union  For- 
mation is  estimated  to  be  1,400  feet  thick. 

The  Wasatch  Formation  unconf ormably  overlies  the  Fort  Union  Formation 
and  crops  out  in  the  northwest  quarter  of  the  study  area.   It  consists 
of  brown,  coarse-grained  sandstone,  interbedded  with  gray  and  red  shale. 

A  map  showing  the  geologic  formations  and  drill  hole  locations  within 
the  Lay  Creek  study  site  is  presented  as  Drawing  X-400-125  on  page  91. 
The  map  was  adapted  from  E.  T.  Hancock,  USGS  Bulletin  757. 

Drawing  X-400-126  on  page  92  includes  a  geologic  section  of  coal  beds  in 
the  Lay  Creek  area.   Information  from  USGS  drill  holes,  LSE-1  through 
LSE-4,  was  added  to  clarify  the  section.   For  additional  information  con- 
cerning these  drill  holes,  see  USGS  Open-File  Report  78-365,  by  Michael 
E.  Brownfield. 


GEOLOGIC  INVESTIGATIONS 

Four  Nx-size  (3-inch  diameter)  core  holes,  designated  DH-1  through  DH-4 , 
were  drilled  at  the  Lay  Creek  site  by  the  Bureau  of  Reclamation.   Hole 
depths  ranged  from  200.0  to  303.4  feet.   Locations  of  the  drill  holes  are 
shown  on  the  geologic  map,  Drawing  X-400-125  on  page  91. 

The  holes  were  drilled  using  a  skid-mounted  Sprague  and  Henwood  drill  us- 
ing recirculated  clear  water  as  the  drilling  medium.   Cored  materials 
were  recovered  with  wire-line  equipment.   Temporary  Nx  casing  was  used 
through  overburden  soil  and  weathered  rock  near  the  surface.   Additional 
casing  was  required  in  drill  hole  DH-2  when  very  weakly  cemented  sand- 
stone was  encountered  at  152.0  feet.   Casing  was  installed  to  156.0  feet 
before  drilling  resumed.   All  temporary  casing  was  removed  from  the  holes 
after  drilling  was  completed. 

Upon  completion  of  the  drilling,  recovered  materials  were  logged  by  a 
Bureau  of  Reclamation  geologist.   All  coal  core  samples  were  sealed  in 
plastic  bags  immediately  after  removal  from  the  core  barrel  and  were 
shipped  to  the  Geological  Survey,  in  Denver,  for  analysis.   The  remain- 
der of  core  samples  were  shipped  to  the  Bureau  of  Reclamation's  Soil  Lab- 
oratory in  Salt  Lake  City,  Utah,  for  complete  soils  analysis. 
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Drill  holes  DH-1  through  DH-3  were  temporarily  left  open  for  geophysical 
logging  by  the  Geological  Survey.   The  holes  were  later  sealed  at  the 
surface  with  a  grout  plug.   Hole  DH-4  encountered  artesian  flows  and  at 
the  request  of  the  Geological  Survey  was  completed  as  a  ground  water  ob- 
servation well.   Two  hundred  sixty-four  and  a  half  (264.5)  feet  of  2- 
inch  PVC  pipe,  the  bottom  80  feet  perforated,  was  installed  in  the  hole 
and  grouted  at  the  surface.   The  drill  hole  was  marked  at  the  surface 
with  a  5-foot  steel  post  to  facilitate  relocating  the  site.   Representa- 
tive samples  of  the  major  sandstone  units,  recovered  from  DH-4,  were  sub- 
mitted to  the  Geological  Survey,  Water  Resources  Division,  in  Denver, 
for  porosity  and  permeability  tests. 

The  geologic  logs  of  drill  holes  DH-1  through  DH-4  are  included  in  this 
report  on  pages  93  through  103. 

The  shales,  siltstones,  and  sandstones  of  the  Wasatch  and  Fort  Union 
Formations,  which  constitute  overburden  are  weakly  cemented  to  firm  ex- 
cept for  minor,  scattered  thin  beds  containing  concretions  or  hard,  well 
cemented  siltstone  and  sandstone.   All  excavation  would  be  classed  as 
common,  although,  blasting  would  facilitate  excavation  of  some  horizons. 
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GEOLOGIC    LOG    OF    DRILL   HOLE 


SHEET_1 OF__2__ 


FEATURE  _  EMRIA    COAL  _STUQY, PROJECT  _ 

DH_X  LOCATION  5WJu--N£i-.-Sec.^2&^_jm,_R93W  _ 


HOLE    No 


LAXXRF.F.K    SHE STATE --COLORADO 

GROUND   ELEV._62LQ^Q 0\P  (AMGLE    FROM  WO/W/J_-2Q..0__IlnwrL  _ 

COORDS       N E TOTAL 

BEGUN__lX-14r_78__  FINISHED.  J- lr28-7_8 DEPTH  OF  OVERBURDEN UjQ. DEPTH  -2QQ..4 BEARING 

DEPTH  AND  ELEV    OF   WATER 
LEVEL   AND   DATE    MEASURED- 


NOT   MEASURED 


LOGGED    BY__P_._GRUNDVJG LOG   REVIEWED   B Y _  C_. RORV IK. 


NOTES  CN  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING    CONDITIONS 


oo 


CLASSIFICATION  AND 
PHYSICAL   CONDITION 


NOTE: 

ALL  MEASUREMENTS 
ARE  FROM  GROUND  SUR' 
FACE  AND  ARE  THE 
SAME  AS  THOSE  USED 
BY  THE  DRILLER. 
HOLE  HAS  NOT  SUR- 
VEYED.  DEVIATION 
FROM  VERTICAL  (IF 
ANY)  IS  UNKNOWN. 

PURPOSE  OF  HOLE 
TO  OBTAIN  SAMPLES 
FOR  DETERMINATION 
OVERBURDEN  PROPER- 
TIES.  TO  DETERMINE 
DEPTH  AND  THICKNESS 
OF  COAT  SEAM. 

DRILLING  EQUIPMENT: 
SKID  MOUNTED  SPRAGUE 
AND  HENWOOD. 

DRILLER: 

G.  C.  LARSEN,  USBK 

DRILLING  METHOD 
HOLE  HAS  ADVANCED 
WITH  NX  DIAMOND 
CORE  BIT.   CORE 
RECOVERED  WITH 
HIRE  LINE. 


fiH59  4 
6857.5 


CASING  RECORD: 

CS 

CS 

HOLE 

SIZE 

DEPTH 

DEPTH 

(INCH) 

(FT.) 

(FT.) 

4.0 

10.0 

10.0 

4.0 

13.0 

13.0 

4.0 

22.0 

23.0 

4.0 

23.0 

23.  u- 
200.  4 

DRILLING  FLUID: 

CLEAR  WATER,  RE- 
CIRCULATED. 

DRILLING  FLUID 
LOSSES  (PCT): 
DEPTH      LOSS 

0.0  -  200  M   0.0 

EXPLANATION 


-  13.0:   CLAY 
APPROX.  80  PCT.  MEDIUK  PLASTIC  FINES  AND 
20  PCT.  FINE  SAND.   LIGHT  TO  DARK  BROWN. 
ERATE  HCL  REACTION  (CD 


13.0  -  42.0:   SANDSTONE 

GRAY  TO  TAN.   FINE  TO  MEDIUK  GRAINED.  MODERATE 
LIMONITE  STAINING  THROUGHOUT  INTENSELY 
WEATHERED.   NO  HCL  FRACTION.   INTERNAL  RECOV- 
ERED AS  SAND  AND  FRAGMENTS.   VERY  LOW  RECOV- 
ERY. 


42.0  -  50.6:   SHALE 

GRAY  TO  BLACK.   FISSILE:   SOME  LIMONITE  STAIN- 
ING ON  PLANAR  SURFACE.   VERY  SLIGHT  TO  NO 
HCL  REACTION  -  CRUMBLY.   CORE  RECOVERED  AS 
FRAGMENTS  AND  CORE  LENGTHS  TO  0.5  FEET. 
AVERAGE  0.1  TO  0.3  FEET. 

50.6  -  52.5:   SANDSTONE 

GRAY  TO  YELLOWISH  BROWN.   FINE  TO  MEDIUK 
GRAINED.   INTENSELY  WEATHERED.   EASILY 
CRUMBLED  IN  HAND.   VERY  SLIGHT  HCL  RE- 
ACTION.  RECOVERED  AS  FRAGMENTS  AND  CORE 
LENGTHS  TO  0.4  FEET.   AVERAGE  0.1  TO  0.3 
FEET. 

52.5  -  58.0:   SHALE 

GRAY  TO  BLACK.   COMPACT.   SLIGHTLY  SANDY  WITH 
MINOR  AMOUNTS  OF  LIMONITE  STAINING  ON  FRAC- 
TURES.  VERY  SLIGHT  HCL  REACTION.   INTENSELY 
FRACTURED.   CORE  RECOVERED  AS  FRAGMENTS  AND 
CORE  LENGTHS  TO  0.4  FEET.   AVERAGE  0.1  TO  0.3 
FEET. 

E  58.0  -  70.8:   COAL 

SAMPLE  SUBMITTED  TO  USGS  FOR  ANALYSIS.   SEE 
REPORT  TEXT  FOR  DESCRIPTION. 


-  t-.i:       SANDSTONE  AND  SHALE 
VARIED  ZONES  OF  DARK  GRAY  TO  BLACK.   SANDY 
SHALE  AND  LIGHT  GRAY  SHALEY  SANDSTONE.   SAND- 
STONE IS  FINE  TO  MEDIUM  GRAINED  AND  BTEAKS 
WITH  LIGHT  TO  MODERATE  HAMMER  BLOW.   VERY 
SLIGHT  TO  NO  HCL  REACTION.   MOST  CORE  BREAKS 
ARE  CLEAN  AND  APPROXIMATELY  PERPENDICULAR  TO 
CORE  AXIS.   SUSPECT  SOME  MECHANICAL  BREAKAGE 
DURING  DRILLING.   CORE  LENGTHS  AVERAGE  0.2  TO  . 
0.4  FEET.   FEW  SCATTERED  FRAGMENTED  INTERVALS. 

-127.3:   SANDSTONE 

LIGHT  GRAY  TO  TAN  WITH  MINOR  AMOUNTS  OF  LIM- 
ONITE. STAINING  (SPOTS).  SLIGHT  HCL  REAC- 
TION. 

.5   -    110.8:      FINE   GRAINED,    SILTY,    CRUMBLES 
EASILY    IN    HAND-RECOVERED    AS    SAND.       FRAG 
MENTS   AND  LENGTHS  TO   0.6   FEET,    AVERAGE   0.1 
TO   0.3   FEET. 
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SHEET 2__OF l_. 


FEATURE     EMR1A_CQAL.^1UM PROJECT.— LJtf_£RSEK_SI_TE STATE COLORADO 

HOLE    N„  ja__L____>OCAT.ON_S«k,-SEi.^J6       I8H»Jia^   grqund   ^._-33±SL,SL W  (ANGLE   FROM  HORIZ.) JW.0.DO™ 


'COORDS       N 


TOTAL 


BEGUNjJ.-J.4-i8 FINISHED- 11-28  "75 DEPT      OF  OVERBURDEN L3._0 DEPTH 2_0_0_.4 BEARING 

DEPTH  AND  ELEV    OF   WATER                              MFAS1IRFT1 
LEVEL    AND   DATE    MEASURED NU1    MhAbUKtU 


LOGGED    BY °_._  _G_RUNDVIG L0G   REV|EWED    BY_ 


C.    RORVICK 


NOTES  CN  WATER 
LOSSES  APD  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING    CONDITIONS 


SUITABILITY        OF 
OVERBURDEN 


IT  > 
oo 


<  -J 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


DRILL  SITE: 

ELEVATION  6910.  HIGH 
MOUNTAIN  DESERT. 
SNOW  PACKED,  MODER- 
ATE VEGETAL  COVER 
(SAGEBUSH,  GRASS). 

HOLE  COMPLETION: 
AFTER  GEOPHYSICAL 
LOGGING  BY  USGS. 
HOLE  WAS  SEALED  WITH 
GROUT  PLUG. 


670?  6 


I  30- 


EXPLANATION 


110.8  -  115.3:  FINE  TO  MEDIUM  GRAINED 
FIRM  TO  MODERATELY  HARD  -  LENGTHS 
CANNOT  BE  BROKEN  IN  HAND.  RE- 
QUIRE LIGHT  TO  MODERATE  HAMMER 
BLOW.  LENGTHS  TO  1.5  FEET. 
AVERAGE  LESS  THAN  A  FOOT. 

115.3  -  127.3:   SEE  DESCRIPTION  OF 
INTERVAL 
84.5  -  110.8. 

127.1  -135.2:   SHALE 
DARK  GRAY  TO  BLACK.   CARBONACEOUS 
IN  PART.   GENERALLY  FIRM  EXCEPT 
127.1  -  128.8  WHICH  IS  CRUMBLY. 
NO  HCL  REACTION.   RECOVERED  AS 
FRAGMENTS  AND  LENGTHS  TO  0.4 
FEET.   AVERAGE  0.2  TO  0.3  FEET. 

135.2  -  200.4   SANDSTONE 

LIGHT  TO  DARK  GRAY.   FINE  TO 
MEDIUM  GRAINED  WITH  PAPER-THIN. 
BLACK.  NEARLY  HORIZONTAL  SEAMS 
THROUGHOUT.   SLIGHT  HCL  REACTION 
MODERATE  HARD  EXCEPT  175.3  - 
185.0  WHICH  IS  CRUMBLY  AND  SOME- 
WHAT SHALEY.   INTERNAL  193.9  - 
195.0  CONGLOMBRATIC.   CORE  RE- 
COVERED AS  SAND  FRAGMENTS.   AND 
LENGTHS  TO  2.4  FEET.   AVERAGE 
LESS  THAN  1.0  FEET. 


STRATIGRAPHY 

0.0  -  13.0:   QUATERNARY  SLOPWASH 
13.0  -  200.4:  TERTIARY  FORT  UNION 
FORMATION 
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SHEET. 


i 0F_ 


FEATURE  EMRIA  COAL_STUD_Y_ PROJECT___.¥]f_??5?KAI™ STATE-  COLORADO 

HOLE  No  JfcJL  LOCAT.ON^..»iLt_Sec__27J_T8Nl_R93W  _  ^^  ^  p%#        67?0-0  _  _   ^  " _"  _         90°  Wm 


COORDS       N  E 

BEGUN_i_iTi\?ri° FINISHED____A"i° DEPTH  OF  OVERBURDEN..  __DEPTH 


ROUND  ELEV.  __.".'.'_"_'_"___  ___0IP  (ANGLE  FROM  HORIZ.I- 

BEARING 


DEPTH  AND  ELEV  OF  WATER 
LEVEL  AND  DATE  MEASURED- 


NOT  MEASURED 


D.  E.  GRUNDVIG 
LOGGED  BY LOG  REVIEWED  BY_ 


C.    RORVIK 


NOTES  ON  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING   CONDITIONS 


UJlli 

o:  > 
oo 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


NOTE: 

ALL  MEASUREMENTS 
ARE  FROM  GROUND  SUR 
FACE  AND  ARE  THE 
SAME  AS  THOSE  USED 
BY  THE  DRILLER. 
HOLE  HAS  NOT  SUR- 
VEYED.  DEVIATION 
FROM  VERTICAL  (IF 
ANY)  IS  UNKNOWN. 
PURPOSE  OF  HOLE 
TO  OBTAIN  SAMPLES 
FOR  DETERMINATION 
OVERBURDEN  PROPER- 
TIES.  TO  DETERMINE 
DEPTH  AND  THICKNESS 
OF  COAT  SEAM. 

DRILLING  EQUIPMENT: 
SKID  MOUNTED 
SPRAGUE  AND 
HENWOOD. 

DRILLER: 

G.  C.  LARSEN,  USBR 

DRILLING  METHOD 
HOLE  HAS  ADVANCED 
WITH  NX  DIAMOND 
CORE  BIT.   CORE 
RECOVERED  WITH  HIRE 

LINE. 


CASING 

RECORD: 

CS 

CS 

HOLE 

SIZE 

DEPTH 

DEPTH 

(INCH)  (FT.) 

(FT.) 

4.0 

10.0 

10.0 

4.0 

20.0 

20.0 

4.0 

20.0 

25.9- 
156.0 

NOTE :   ENCOUNTERED 
WEAKLY  CEMENTED  SAND 
AND  BECAME  STUCK  IN 
HOLE  AT  152.0  FT. 
REAMED  OVER  WIRE- 
LINE CASING  TO  149.0 
AND  PULLED  WIRE-LINE 
CASING.   REMOVED  REAM, 
ING  SHOE  FROM  CASING. 
INSTALLED  4.0  INCH 
CASING  TO  156.0 
4.0   156.0   156.0- 
303.4 


0.0  -  25.9:  CLAY 

APPROX.  80  PCT.  MEDIUM  PLASTIC  FINES  AND 
20  PCT.  FINE  SAND.   VERY  SLICHT  TO  SO  HCL  REAC- 
TION, GRAYISH  BROWN  TO  BROUN.  (CD 

25.9  -  27.1:   SANDSTONE 

GRAY,  FINE  TO  MEDIUM  GRAINED,  LIMONITE  STAINED 
SPOTS  THROUGHOUT,  MODERATE  HCL  REACTION.   HARD, 
BREAKS  WITH  MODERATE  HAMMER  BLOW.   CORE  BREAKS 
ARE  CLEAN  AND  APPROXIMATELY  HORIZONTAL.   SUS- 
PECT SOME  MECHANICAL  BREAKAGE.   RECOVERED  AS 
0.3  TO  0.5  FOOT  LENGTHS. 

27.1  -  48.0:   SHALE 

GRAY  TO  BLACK,  CARBONACEOUS  IN  PAF.T,  LIMONITE 
STAINED  THROUGHOUT.   SOMEWHAT  SANDY,  SLIGHT  HCL 
REACTION.   SOFT,  EASILY  CRUMBLED  IN  HAND.   BREAKS 
ARE  APPROXIMATELY  HORIZONTAL.   RECOVERED  AS 
FRAGMENTS  AND  LENGTHS  TO  0.4,  AVERAGE  0 . 1  TO 
0.3  FEET. 

48.0  -  58.0:  COAL 

SAMPLE  SUBMITTED  TO  USGS  FOR  ANALYSIS.   SEE 
REPORT  TEXT  FOR  DESCRIPTION. 


58.0  -  75.0:   SHALE 

DARK  GRAY  TO  BLACK,  SANDY,  SLIGHT  HCL  REACTION 
FIRM,  BREAKS  WITH  LIGHT  TO  MODERATE  MANUAL 
PRESSURE.   MAJORITY  OF  BREAKS  ARE  HORIZONTAL 
AND  FREE  OF  MINERALIZATION.   RECOVERED  AS 
LENGTHS  FROM  0.1  TO  3.2  FEET.   MOST  LESS  THAN 
0.6  FEET.   CONTACT  WITH  SANDSTONE  IS  GRADA- 
TIONAL. 


75.0   -   146.9:      SANDSTONE 

SIGHT   TO  DARK  GRAY,    FINE   TO   MEDIUM  GRAINED. 
PAPER  THIN,    HORIZONTAL,    BLACK   SEAMS   AND   MINOR 
SHALE   SEAMS   THROUGHOUT   INTERVAL    75.0   -   129.5. 
SLIGHT  HCL   REACTION.      SOFT  TO   FIRM.      EASILY 
BROKEN    IN   HAND.      CORE    RECOVERED   AS   FRAGMENTS 
AND  LENGTHS   TO    1.0   FEET,    MOSTLY   0.5. 


EXPLANATION 


GEOLOGIC    LOG    OF    DRILL   HOLE 


FEATURE    EMKIA  COAL  STUDY 

-PROJECT 

LAY  CREEK  SITE 

STATE    COLORADO 

DH-2    LOCATION  SW^,  NeT;l  Sec  27,  T8N  R93W 
HOLE  No    "                                                GROUND  EL 

^COORDS   N                 .E 
BEGUN   H-29-78   FINISHED  1-25-79      DEPTH  OF  OVERBURDEN    25.9 

rv    6770.0 

o 
-DIP  (ANGLE   FROM  HORIZ )-.        90   D-0WN 

TO! 
_DF 

ft  303. 

IG 

4       BEARING 

DEPTH  AND  ELEV  OF  WATER     vinT  MPACllRFn 
LEVEL  AND  DATE  MEASURED    !  OT_MEASURED 

LOGGED  BY  D'  E"  GR™™ 

LOG  REVIEWED  BY    C-  R0RVIK 

NOTES  CN  WATER 
LOSSES  AMD  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING  CONDITIONS 

SUITABILITY 

OVERBURDEN 

DF 

or 

cr  > 

oo 

o  o 

cr 
% 

at 

o 
So 

S3 

cr 

CLASSIFICATION  AND 
PHYSICAL  CONDITION 

< 

t   CD 

5  < 

CD 

DRILLING  FLUID: 

CLEAR  WATER,  RECIR- 
CULATED. 

DRILLING  FLUID 
LOSSES  (PCT.): 

DEPTH       LOSS 

0.0  -  36. G      0.0 
36.0-56.0      10.0 
56.0-156.0    100.0 
156.0-303.4     0.0 

DRILL  SITE: 

ELEVATION  6770.  HICH 
MOUNTAIN  DESERT. 
SNOW  PACKED.   MODER- 
ATE VEGETAI.  COVER 
(SAGEBRUSH,  GRASSES) 

HOLE  COMPLETION: 
AFTER  GEOPHYSICAL 
LOGGING  .jBY  USGS. 
HOLE  WAS  SEALED  WITH 
GROUT  rLUG. 

6623. 1 

6603.5 
6592.7 

83 

—  no — 

—  120 — 

—  130 ■ 

—  140 — 

—  150 — 

—  160 — 

146.9  -  166.5:   NO  RECOVERY 

RECORDED  ON  DRILLER'S  REPORT  AS 
SAND. 

166.5  -  177.3:   SANDSTONE  AND  SHALE 
LIGHT  TO  DARK  GRAY,  FINE  GRAINED. 
FREQUENT  SMALL  CONCRETIONS  AND  MINOR 
SHALE  SEAMS.   VERY  SLIGHT  HCL  REAC- 
TION.  RECOVERED  AS  FRAGMENTS  AND 
LENGTHS  TO  1.1  FEET,  MOST  LESS  THAN 
0.4  FEET. 

177.3  -  204.9:   SHALE 

DARK  GRAY  TO  BLACK,  CARBONACEOUS  AND 
SANDY  IN  PART.   SLIGHT  HCL  REACTION. 
CRUMBLY,  EASILY  BROKEN  IN  HAND. 
RECOVERED  AS  FRAGMENTS  AND  LENGTHS 
TO  1.2  FEET,  MOSTLY  LESS  THAN  0.6 
FEET. 

84 

85 

78 
100 

0 

170 

36 

■ 



55 

=    - 



1  uu 

— 

72 

—  190 — 
200   ■ 

~-^-  — - 

= — : 

85 

_ 

EXPLANATION 
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GEOLOGIC    LOG    OF    DRILL    HOLE 


SHE£T_1 0F_1_ 


rr.T.,„r     EHRIA  COAL  STUDY 

project    LAY  CREEK  SITE 

STATE   COLORADO 

nil  7               LOCATION  SW^.J 

HOLE  No  _yH~t 

COORDS   N 
BEGUN  H-29-78    FINISHED  1-25- 

DEPTH  AND  ELEV  OF  WATER      Mrvr 
LEVEL  AND  DATE  MEASURED  .    Mul 

NE^j  Sec  27_j_  T8t* 

.E 
1? DEPTH  OF  0\ 

MEASURED 

_,  R23W 

GROUND  EL 

ERBURDEN   25.9 

-v     6770.0 

..DIP/ilMIF  f»(7««Ofl)7L.   9°   DOWN 

TOTAL 

nFPTH    J0J.4    BEARING 

.   LOGGED  BY     ?•_?.  GRUNDVIG 

LOG  REVIEWED  BY   C.  RORVIK 

NOTES  ON  WATER 
LOSSES  AT  D  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRiLu  ING  CONDITIONS 

SUITABILITY   OF 
OVERBURDEN 

ili'-t 

>- 
tr 

oo 

o 

<_i 

cr 

CLASSIFICATION  AND 
PHYSICAL  CONDITION 

m 

—    s 

2  < 

-1   3 

m 

l5 

6565.1 
6552.5 

85 

—  210 

—  220  — 
-  2  30 — 

—  240 — 

—  2  50 — 
- 

204.9  -  217.5:   SANDSTONE  AND  SHALE 

LIGHT  TO  DARK  GRAY,  FIRM  HORIZONS  AND 
LENSES  OF  SHALEY,  FINE  GRAINED  SAND- 
STONE AND  SANDY  SHALE.   DARK  SPLOCHES 
AND  THIN  SHALE  SEAMS  THROUGHOUT. 
SLIGHT  HCL  REACTION.   MOST  BREAKS 
HORIZONTAL.   CORE  CAN  BE  BROKEN  WITH 
MODERATE  MANUAL  PRESSURE.   CORE  RE 
COVERED  AS  FRAGMENTS  AND  LENGTHS  TO 
1.2  FEET,  MOSTLY  LESS  THAN  0.6  FEET. 

217.5  -  303.4:   SANDSTONE 

LIGHT  TO  DARK  GRAY,  SLIGHT  HCL  REAC- 
TION.  SOFT,  CRUMBLY,  ALL  CORE  CAN  BE 
EASILY  CRUSHED  OR  BROKEN  IN  HAND. 
MOST  CORE  BREAKS  ARE  INCLINED  LESS 
THAN  12  DEGREES  TO  CORE  AXIS.   CORE 
RECOVERED  AS  SAND.   FRAGMENTS,  AND 
LENGTHS  TO  3.8  FEET.   MOST  LESS  THAN 
1.0  FEET.   INTERVAL  252.1  -  263.8  IS 
MEDIUM  GRAINED  AND  CONTAINS  NUMEROUS 
DARK  SPOTS,  BLOTCHES,  AND  INFREQUENT 
SMALL  COAL  FRAGMENTS.   INTERVAL  271.4 
-  303  .4  IS  SOMEWHAT  DARKER  AND 
COARSER  GRAINED  THAN  PREVIOUS  INTER- 
VAL AND  CONTAINS  NUMEROUS  PAPER-THIN, 
BLACK  SEAMS  OF  ORGANIC  MATTER  IN- 
CLINED 12  -  30  DEGREES  TO  CORE  AXIS. 

STRATIGRAPHY 

0.0  -  25.9:   QUATERNARY  SLOPEWASH 

25.9  -  303.4:   TERTIARY  FORT  UNION  FM. 

===== 

83 



- 

100 

100 

IOC 

99 

100 

|O0 

■ —  270 

- 

87 

R9 

—  090  — 
■ 
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GEOLOGIC    LOG    OF    DRILL   HOLE 


SHEET_± 0F_ 


FEATURE        EmIA  C0AL_  ST™*_  „_,. PROJECT__iAY_CJffiEK_SITE _  _       _STATE  COLORADO    _ 

LOCATION  NE^j    NW£,    SEC    28,    T8N ,    R93W  o    _rm 

HOLE    NoDHr3 LOCATION  ____>_____> GROUND   ELEV.  __6530.0 DIP  (ANGLE   FROM  HORIZ ).       ?0__DOWN 

COORDS       N E TOTAL 

BEGUN_i;29-79 FINISHED_  2_8rZ9 DEPTH  OF  OVERBURDEN.  -  JL3_'6 DEPTH  __?54._1_ BEARING 

DEPTH  AND  ELEV    OF   WATER 
LEVEL   AND    DATE    MEASURED-- 


NOT  MEASURED 


__  LOGGED    BY__?_-_f  •-GRUNDVIG LOG   REV,EWED    BY 


C    RORVIK 


NOTES  CN  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING    COND'TIONS 


CLASSIFICATION  AND 
PHYSICAL   CONDITION 


NOTE: 

ALL  MEASUREMENTS 
ARE  FROM  GROUND 
SURFACE  AND  ARE  THE 
SAME  AS  THOSE  USED 
BY  THE  DRILLER.   HOLE 
WAS  NOT  SURVEYED. 
DEVIATION  (IF  ANY) 
FROM  VERTICAL  IS 
UNKNOW. 

PURPOSE  OF  HOLE: 
TO  OBTAIN  SAMPLES 
FOR  DETERMINATION  OF 
OVERBURDEN  PROPER- 
TIES.  TO  DETERMINE 
DEPTH  AND  THICKNESS 
OF  COAL  SEAM. 

DRILLING  EQUIPMENT: 
SKID-MOUNTED  SPRAGUE 
AND  HENWOOD. 

DRILLER: 

G.  C.  LARSEN,  USBR 

DRILLING  METHOD 

0.0  -  10.4  DRIVE  SAM- 
PLE. 

10.4    -   254.1   NX   DIA- 
MOND  CORE   BIT,    CORE 
RECOVERED  WITH   WIRE 
LINE. 


DRILLING  FLUID: 

CLEAR  WATER. 

RECIR- 

CULATED. 

DRILLING  FLUID 

LOSSES  (PCT.): 

DEPTH       PERCENT 

0.0  -  84.4 

0.0 

83.4  -  94.4 

35.0 

93.4  -  135.3 

20.0 

135.3  -  155.3 

15.0 

155.3  -  254.1 

5.0 

CASING  RECORD: 

CS     DEPTH 

HOLE 

SIZE   OF  CS 

DEPTH 

(INCH)  (FEET) 

(FEET) 



10.4 

4.0     10.4 

10.4  - 

254.1 

HIGH 


DRILL   SITE: 

ELEVATION   6530. 
MOUNTAIN   DESERT. 
SNOW   PACKED.      MODEEAl'E 
VEGETAL   COVER 
(SAGEBRUSH,    GRASSIS) 

HOLE    COMPLETION: 
AFTER   GEOPHYSICAL 
LOGGING   BY   USGS.      HOLL 
WAS    SEALED  WITH   GROUT 
PLUG. 


6504  9 
6501.4 


6491.3 
6469.5 


0.0    13.6:      SANDY    CLAY 

APPROXIMATELY    70    PCT.       MEDIUM    PLASTIC    FINES    AND 
30  PCT.      FINE-GRAINED.      ANGULAR   SAND.      NUMEROUS 
ROOT   FIBERS   IN   UPPER   HORIZON.      TAN   TO   BROWN 
MODERATE    HCL    REACTION.    (CD 

13.6   -   25.1:      SHALE 

GRAY.  WELL  CEMENTED.  FIRM.  FISSILITY  POORLY 
DEVELOPED.  BEDDING  PLANES  ARE  DISTINCT.  FE 
STAINED  AND  APPROXIMATELY  HORIZONTAL.  SLIGHT 
HCL  REACTION.  GRADATIONAL  CONTACT  WITH  SAND- 
STONE BELOW.  CORE  RECOVERED  AS  FRAGMENTS  AND 
LENGTHS  FROM  0.1-0.3  FT. 

25.1  -  28.6:   SANDSTONE 

GRAY.      FINE-GRAINED.      SUBANGULAR   TO    SUBROUNDED 
GRAINS.       MODERATELY    HARD.       MODERATELY    WELL    CE- 
MENTED   .      LOW   PORESTTY.      SOME   FE   STAINING   ON 
FRACTURE    SURFACES    WI.'ICH    ARE    INCLINED    APPROX. 
30   AND    50    DEG.    TO    CORE    AXIS.       SOME    HEALING   OF 
FRACTURES   HAS   OCCURRED.      OCCASSIONAL    SMALL 
LIMONITE    STAINED    CONCRETIONS.       GRADATIONAL 
CONTACT   WITH    SHALE    BELOW.       CORE    BREAKES   WITH 
HEAVY    MANUAL    PRESSURE.       RECOVERED   AS    FRAGMENTS 
AND    LENGTHS    0.3-0.5    FT    LONG. 

28.6    -   36.7:      SHALE 

DARK  GRAY.   WELL  CEMENTED.   FIRM  FISSILITY 
POORLY  DEVELOPED  BEDDING  PLANES  INDISTINCT. 
VERY  LITTLE  FE  STAINING.   SLIGHT  HCL  REACTION 
SLICKENSIDE.   INCLINED  APPROX.  45  DEG. 
TO  CORE  AXIS.  FOUND  AT  34.4  FT.   GRADATIONAL 
CONTACT  WITH  SANDSTONE  UNIT  BELOW  .   CORE 
RECOVERED  AS  FRAGMENTS  AND  LENGTHS  0.3-2.0  FT. 
LONG.   AVERAGE  LESS  THAN  1.0  FT. 

38.7  -  40.5:   SANDSTONE 

FINE-GRAINED.    WELl    SORTED    SUBAJJGULAR   TO   SUB- 
ROUNDED    GRAINS.      WELL    CEMENTED.      MODERATELY 
HARD    ROUGH    CORE    SURFACE.       HAS    THE    APPEARANCE 
OF    SALT    AND    PEPPER    BEDDING    INDISTINCT.      VERY 
LITTLE    FE    STAINING.      MODERATE   HCL   REACTION. 
GRADATION   CONTACT  WITH   SHALE   BELOW.      CORE 
BRAKES   WITH   LIGHT   HAMMER   BLOW.      RECOVERED  AS 
0.3.0.9   FT.    LENGTHS.      MOSTLY    0.4-0.5. 

40.5   -  47.4:      SHALE 

GRAY  TO  DARK  GRAY.   SANDY  IN  PART  FISSILITY 
POORLY  DEVELOPED.   BEDDING  INDISTINCT.   VERY 
LITTLE  FE  STAINING.   SLIGHT  HCL  REACTION. 
GRADATIONAL  CONTACT  WITH  SANDSTONEBELOW . 
CORE  BRAKES  EASILY  IN  HAND  WITH  MOST  BREAKS 
HORIZONTAL.   RECOVERED  AS  0.2-0.8  FT.  LENGTHS. 
MOSTLY  0.4-0.5. 

47.4  -  55.0:   SANDSTONE 

GRAY.   FINE  TO  MEDIUM  GRAINED.   ANGULAR  GRAINS. 
POORLY  SORTED.   WEAKLY  CEMENTED.   VERY  POROUS. 
SOAKS  UP  WATER  READILY.   ROUGH  CORE  SURFACE.   NO 
HCL  REACTION.   SHALEY  FROM  50.4  TO  51.6.   ABRUPT 
CONTACT  WITH  SHALE   BELOW.   CORE  CRUMBLES  OR 
BREAKS  EASILY  IN  HAND.  RECOVERED  AS  FRAGMENTS 
ANT'  LENGTHS  TO  2.2  FT..   FRAGMENTED  FROM  50.5 
55.0  -  65.2:   SHALE 

DARK  GRAY,  SANDY  IN  PART.   FISSILITY  POORLY 
DEVELOPED,  BEDDING  INDISTINCT,  FRESH  -  NO 
STAINING.   FIRM,  BREAKS  IN  HAND  WITH  MODERATE 
MANUAL  PRESSURE.   SLIGHT  TO  MODERATE  HCL  REAC- 
TION.  CRADATIONAL  CONTACT  WITH  SANDSTONE  BELOW 
BELOW.   RECOVERED  AS  0.3-2.1  FT.  LENGTHS,  MOST 
LESS  THAN  1.0  FT. 

65.2  -  71.7:   SANDSTONE 

DARK   GRAY,    FINE-GRAINED,    EVEN   TEXTURED,    SUB- 
ANGULAR   TO    SUBROUNDED   GRAINS,   WELL   SORTED. 
MODERATELY    WELL    CEMENTED,    LOW    PROROSITY.      NO    FE 
STAINING,    MODERATE   HCL    REACTION.       GRADATIONAL 
CONTACT    WITH    SANDSTONE    BELOW.       CORE    BREAKS    WITH 
LIGHT   HAMMER   BLOW.      AVERAGE   RECOVERED   LENGTHS 
LESS   THAN    1.0   FT. 


EXPLANATION 


GEOLOGIC    LOG    OF    DRILL   HOLE 


.PROjECT_.i-AX_QB.EEK  _S_ITE STATE  . 


COLORADO 


FEATURE  EMIUA_COAL_  STUDY 

H0LE  No  DH-3  "-OCAT.ON  Jffi^JW^_ie^2a.J_8JLJt9JJ...  GR0UN.  EL£V  _J53fljflL__         __mP(ANGLE  FR0M  H0RIZ)_  _.iO°„down. 

COORDS       N E TOTAL 

BEGUN  l__?9r__ FINISHED__2""_8-_'_1 DEPTH  OF  OVERBURDEN ti_? DEPTH BEARING 


LEVEL a2SD0AT_OMEASURED___N_0_T_MEASURE_D_ L0GGED    BY__D_VE._GRTODVI_G_ L0G   REViEWED   BY____C_ 


NOTES  ON  WATER 
LOSSES  AMD  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING    CONDITIONS 


SUITABILITY        OF 
OVERBURDEN 


<_l 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


100 
78 


71.7   -   86.9:      SANDSTONE 

LIGHT   TO   DARK   GRAY,    SALT  AND   PEPPER  APPEARANCE 
FINE   TO  MEDIUM-GRAINED .      POORLY    SORTED,    WEAKLY 
CEMENTED,    SOFT  AND  CRUMBLY    IN   PART.      HIGHLY 
POROUS   -   READILY   ACCEPTS   WATER.      ROUGH   CORE 
SURFACE.      THIN,    BUCK   LAMINATIONS,    INCLINED   20- 
50   DEC.    TO   CORE   AXIS   THROUGHOUT.      MODERATE 
TO    STRONG    HCL    REACTION,    GRADATIONAL    CONTACT    WITH 
UNIT   BELOW.      RECOVERED  AS   0.7-1.3   FT.    LENGTHS. 

86.9   -    164.1:      SANDSTONE   AND   SHALE 

INTERBEDDED   SANDSTONE  AND   SHALE.      SANDSTONE    IS 
DARK   GRAY,    FINE   TO  MEDIUM-GRAINED,    MODERATELY 
WELL   CEMENTED,   MODERATE   HCL  REACTION,    CONTAINS 
THIN,    BLACK  LAMINATIONS   INCLINED  APPROX.    30 
DEC    TO   CORE  AXIS.      SHALE    IS   LIGHT  TO   DARK   GRAY 
THINBEDDED,    SANDY    IN    PART.    FISSILITY    WELL    DEV- 
ELOPED,   SLIGHT   TO   NO   HCL   REACTION.      LIGHT   FE 
STAINING    (LIMONITE)    ON    SOME   SURFACES    INTERVAL 
IS   PREDOMINANTLY   SANDSTONE   FROM   123.9-164.1. 
ABRUPT    CONTACT    WITH    SANDSTONE    BELOW.      ALL    CORE 
BREAKS    IN    HAND.       RECOVERED    AS    LENGTHS    FROM 
0.3   TO    2.8   FT.,    AVERAGE   APPROX.    1.0  FT. 


164.1  -  184.2:   SANDSTONE 

LIGHT  GRAY,  FINE  TO  MEDIUM-GRAINED 
ANGULAR  TO  SUBANGULAR  GRAINS.   POORLY 
SORTED,  WEAKLY  CEMENTED.   CORE  HAS  A 
SALT  AND  PEPPER  APPEARANCE.   ROUGH 
CORE  SURFACE,  VERY  POROUS  -  READILY 
ACCEPTS  WATER.   CARHONACEOUS  FROM 
187.1-187.3  SLIGHT  HCL  REACTION. 
ABRUPT  CONTACT  WITH  UNIT  BELOW.   CORE 
IS  EASILY  CRUMBLED  IN  HAND.   RECOV- 
ERED AS  FRAGMENTS  AND  LENGTHS  TO 
2.0,  MOST  LESS  THAN  1.0  FT. 

184.2  -  200.1:   SANDSTONE  AND  SHALE 

SEE  DESCRIPTION  OF  INTERVAL  86.9-164.1' 
CORE  RECOVERED  AS  0.1-1.9  FT.  LENGTHS, 
AVERAGE  APPROX.  0.7  FT. 


EXPLANATION 
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GEOLOGIC    LOG    OF    DRILL   HOLE 


SHEET__1__0F 


FEATURE  A>«IA_C_qAL_STU_DY_        PROJECT. 

LOCATION  J!Eii.J^j_iec_28t_T8N>_R93W_ 


LAY   CREEK   SITE 


DH-3 


COORDS       N E 


GROUND   ELEV  .§530.0 D\P  (ANGLE   FROM  HOR1Z ) 


COLORADO 

90      down 


BEGUN.}"??  "*._ FINISHED..2.-.8-72 DEPTH  OF  OVERBURDEN \Xr3 DEPTH  -.254.1 BEARING- 


DEPTH  AND  ELEV    OF  WATER        MnT    wp.oi.RFn 
LEVEL   AND   DATE    MEASURED.."."  L  _^AMJK£U_ 


LOGGED    BY-_D_'--E_,_??™Y.1? LOG  REVIEWED  BY_ 


C.    RORVIK 


NOTES  CN  WATER 
LOSSES  AND  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING    CONDITIONS 


SUITABILITY        OF 
OVERBURDEN 


tE  > 
OO 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


6319  I 
6317.5 


6306  2 
6304.6 


250 —  = 


200.1    -   210.9:      SANDSTONE 

WHITE   TO   LIGHT   GRAY,    FINE   TO   MEDIUM-GRAINED, 
SUBANGULAR   TO   SUBROUNDED   GRAINS,    MODERATELY 
SOFT   TO  MODERATELY   HARD,    LOW  TO   MODERATE   POR- 
OSITY.     SLIGHT   TO  MODERATE   HCL   REACTION.      IN- 
TERVAL  CONTAINS   NUMEROUS  THIN,    BLACK   LAMINA- 
TIONS  AND    SWIRLS.      LAMINATIONS   ARE    INCLINED 
APPROX.    30   DEG.    TO   CORE   AXIS.      JOINTS    IN- 
CLINED  APPROX   25.50,    AND   70  DEG.   TO   CORE 
AXIS.      SOME   DENDRITES    (PYROLUSITE)    DEVEL- 
OPED ON   SOME   FRACTURES   GRADATIONAL   CONTACT 
WITH   SHALE   BELOW.      CORE   BREAKS  WITH   LIGHT 
TO   HEAVY  MANUAL   PRESSURE.      RECOVERED  AS 
0.3-1.9   FT.    LENGTHS,    MOST  ARE   GREATER   THAN 
1.0  FT. 

210.9  -  212.5:   SHALE 

DARK  GRAY  TO  BLACK,  CARBONACEOUS  IN  PART. 
THIN  BEDDED,  FISSILITY  WELL  DEVELOPED, 
BEDDING  DISTINCT,  NO  HCL  REACTION,  CRUMBLY, 
RECOVERED  AS  FRAGMENTS  AND  LENGTHS  TO  0.4 
FT.,  MOST  ARE  GREATER  THAN  0.2  FT. 

212.5  -  223.8:   COAL 

SAMPLE  SUBMITTED  TO  USGS  FOR  ANALYSIS. 
SEE  REPORT  TEXT  FOR  DESCRIPTION. 

223.8  -  225.4:   SHALE 

SEE   DESCRIPTION  OF    INTERVAL   210.9-212.5 

225.4  -  254.1:      SILTSTONE 

DARK   GRAY,    SANDY   AND   SHALY    IN   PART.   VERY 
HARD  DENSE ,     CORE   SURFACE   SMOOTH .      SOME   THIN , 
BLACK  LAMINATIONS   IN   UPPER  PART  OF   UNIT.      VERY 
LOW   POROSITY,    SLIGHT  HCL   REACTION.      LEAF    IM- 
PRESSION  FOUND  AT   240.0.    CORE   BREAKS  WITB 
LIGHT   TO  MODERATE   HAMMER   BLOW.      RECOVERED 
AS   0.1-1.3   FT.,   MOST   ARE   GREATER   THAN   0.5   FT. 

STRATIGRAPHY 

0.0   -   13.6:      QUATERNARY    SLOPEWASH 

13.6   -   254.1:      TERTIARY   FORT   UNION   FM. 
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GEOLOGIC    LOG    OF    DRILL   HOLE 


SHEET 1 OF 3  . 


FROM  HORIZ  )- 


FEATURF  _EMRIA-COiO.-SlUia PROJECT LAY.-CJ&EEK.-SIIE. STATE COLORADO 

LOCATION    SEL*.SWL*_.Se£  i.Q_t  T8Nj_  RS3W  ,-,  n   „  qno   n 

HOLE    No     OH-A.  vn.x»^*    i*-J"1-*"- *—  ""GROUND   E L E  V.  _  _°5_40  L0. DIP  (ANGLE    «">"  »»■>'*  ' 

*  COORDS       N E TOTAL 

BEGUN-2-12-79 FINISHED-^  2-26-79 DEPTH  OF  OVERBURDEN--1.3.!? DEPTH --l^3-"-5- 

DEPTH  AND  ELEV    OF   WATER        .__    MnTI-c 
LEVEL    AND   DATE    MEASURED- >M_  ^ViPS 


LOGGED    BY__D-'-J:.--9HND-V_I? LOG  REVIEWED  BY_-C.    RORVIK. 


NOTES  CN  WATER 
LOSSES  A"D  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING    CONDITIONS 


SUITABILITY        C 
OVERBURDEN 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


NOTE: 

ALL  MEASUREMENTS 
AXE  FROM  GROUND 
SURFACE  AND  ARE  THE 
SAME  AS  THOSE  USED 
BY  THE  DRILLER.  HOLE 
WAS  NOT  SURVEYED. 
DEVIATION  (IF  ANY) 
FROM  VERTICAL  IS 
UNKNOWN. 

PURPOSE  OF  HOLE: 
TO  OBTAIN  SAMPLES 
FOR  DETERMINATION  OF 
OVERBURDEN  PROPER- 
TIES.  TO  DETERMINE 
DEPTH  AND  THICKNESS 
OF  COAL  SEAM. 

DRILLING  EQUIPMENT: 
SKID-MOUNTED  SPRAGUE 
AND  HENWOOD. 

DRILLER: 

G.  C.  LARSEN,  USBR 

DRILLING  METHOD: 

0.0-13.0  DRIVE  SAM- 
PLE 

13.0-263.5  NX  DIA- 
MOND CORE  BIT.   CORE 
RECOVERED  WITH  WIRE  LINE. 


DRILLING  FLUID 

CLEAR  WATER 

RECIR- 

CULATED. 

DRILLING  FLUID 

LOSSES  (PCT.): 

DEPTH 

PERCENT 

0.0-15.9 

0.0 

15.9-25.3 

10.0 

25.3-225.9 

5-0 

225.9-263.5 

0.0 

CASING  RECORD 

CS  DET-TH  HOLE 
SIZE  OF  CS  DEPTH 
(INCH)   (FEET)  (FEET) 

13.0 

4.0    12.2  13.0  - 
263.5 

DRILL  SITE: 

ELEVATION  6540.   HIGH 
MOUNTAIN  DESERT,  SNOW 
PACKED .   MODERATE 
VEGETAL  COVER  (SAGE- 
BRUSH, GRASSES) 

HOLE  COMPLETION 
AT  USGS  REQUEST, 
DRILL  HOLE  WAS  COM- 
PLETED AS  AN  OBSER- 
VATION WELL.   264.5 
FEET  OF  PLASTIC  PIPE 
(BOTTOM  80  FT.  PER- 
FORATED) WAS  INSTAL- 
LED IN  HOLE. 


0.0   -   2.0:      SANDY   CLAY 

APPROXIMATELY    70  PCT.    MEDIUM  PLASTIC   FINES   AND 
30   PCT.    FINE-GRAINED,    ANGULAR   SAND,    NUMEROUS 
ROOT   FIBERS    IN   UPPER  HORIZONS,    TAN   TO   BROWN. 
MODERATE   HCL   REACTION.      (CD 

2.0   -    13.0:      CLAYEY   SAND 

RECOVERED   AS   APPROXIMATELY   80   PCT.      MEDIUM  TO 
COARSE-ORAINED,    ANGULAR  TO   SUBROUNDED   SAND   AND 
20   PCT.    LOW  TO  MEDIUM  PLASTIC   FINES.      YELLOWISH 
BROWN   MODERATE   HCL   REACTION.    (SO 

13.0  -  22.6:      SILTSTONE 

GRAY  TO  YELLOWISH  BROWN.   LIMONITE  AND  MANGAN- 
ESE STAINED  IN  PART.    HARD,  DENSE,  CORE  SUR- 
FACE SMOOTH,  BEDDING  INDISTINCT.   LOW  POROSITY 
SLIGHT  TO  MODERATE  HCL  REACTION.   MOST  CORE 
BREAKS  ARE  APPROX.  HORIZONTAL.   CORE  BREAKS 
WITH  MODERATE  MANUAL  PRESSURE.   RECOVERED  AS 
FRAGMENTS  AND  LENGTHS  TO  1.3  FT.,  AVERAGE  0.1- 
0.3  FT. 

22.6  -  36.5:   SHALE 

DARK  GRAY  TO  BLACK,  SANDY  IN  PART,  FISSILITY 
POORLY  DEVELOPED,  BEDDING  INDISTINCT.   VERY 
SLIGHT  FE  STAINING  ON  FRACTURE  SURFACES. 
SLIGHT  HCL  REACTION.   CORE  IS  FIRM  TO  CRUMBLY, 
MOST  BREAKS  ARE  HORIZONTAL.   RECOVERED  AS  FRAG- 
MENTS AND  LENGTHS  TO  0.9,  AVERAGE  0.1-0.4  FT. 

36.5   -  47.2      SANDSTONE 

LIGHT  TO  DARK  GRAY,  FINE-GRAINED,  EVEN  TEXTURED 
SUBROUNDED  TO  SUBANGULAR  GRAINS,  TOLL  SORTED, 
WELL  CEMENTED.  HARD,  LOW  POROSITY.  MODERATE 
TO  STRONG  HCL  REACTION.  CRADATIONAL,  CONTACT 
WITH  SHALE  BELOW.  CORE  BREAKS  APPROX.  HORI- 
ZONTAL WITH  MODERATE  HAMMER  BLOW.  RECOVERED 
AS  LENGTHS  FROM  0.1-1.3  FT.  MOST  LESS  THAN 
0.7    FT. 

47.2  -  57.0:   SHALE 

DARK  GRAY  TO  BLACK.  FISSILITY  WELL  DEVELOPED, 

CRUMBLY,  MOST  BREAKS  ARE  HORIZONTAL  AND  FREE 

OF  STAINING.   SLIGHT  TO  MODERATE  HCL  REACTION. 
GRADATIONAL  CONTACT  WITH  SANDSTONE  BELOW. 

RECOVERED  AS  0.1-0.9  FT.  LENGTHS.   AVERAGE 
0.1-0.3  FT. 

57.0   -   66.3:      SANDSTONE 

LIGHT  GRAY,    FINE-GRAINED,    EVEN   TEXTURED,    WELL 
SORTED.      MODERATELY   WELL   CEMENTED.      LOW   PORO- 
SITY  THIN,    BLACK  LAMINATIONS.      INCLINED   APPROX. 
30   DEG.    10   CORE   AXIS.      IN  SOME    INTERVALS,    CORE 
SURFACE   AND   BREAKS    (HORIZONTAL)   ARE    FRESH. 
SLIGHT    TO    MODERATE    HCL    REACTION.       GRADATIONAL 
CONTACT   WITH    SHALE    BELOW.      CORE    BREAKS    WITH 
MODERATE   MANUAL   PRESSURE.      RECOVERED   AS   0.2-1.1 
FT.    LENGTHS,    AVERAGE   0.5-0.7   FT. 

66.3  -  120.4:   SILTSTONE  AND  SHALE 

INTERBEDDED  DARK  GRAY  SHALE  AND  SILTSTONE. 
FISSILITY  OF  SHALE  IS  WELL  DEVELOPED,  CRUMBLY. 
MOST  BREAKS  ARE  HORIZONTAL  AND  FREE  OF  STAIN- 
ING.  HCL  REACTION,  NONE  TO  SLIGHT.   CRADATIONAL 
CONTACTS  WITH  SILTSTONE.   SHALE  BREAKS  OR  CRUM- 
BLES EASILY  IN  HAND.   RECOVERED  AS  CHIPS,  FRAG- 
MENTS AND  LENGTHS  TO  1.1  FT.,  MOST  ARE  LESS 
THAN  0.3  FT. 

SILTSTONE  IS  MODERATELY  WELL  CEMENTED,  HARD, 
AND  DENSE.  CORE  SURFACE  IS  SMOOTH,  LOW  POROS- 
ITY. SLIGHT  TO  MODERATE  HCL  REACTION.  MOST 
CORE  BREAKS  WITH  LIGHT  HAMMER  TAP.  SILTSTONE 
RECOVERED  AS  0.1-2.1  FT.  LENGTHS,  AVERAGE  [S 
LESS  THAN  1.0  FT. 

INTERVALS  ARE  FURTHER  DEFINED  BELOW. 
SHALE:  66.3-69.5,  74.0-82.1,  84.8-92.5,  94.6- 
95.5,  and  111. 3-120. 4. 

SILTSTONE:   69.5-74.0,  82.1-84.8,  92.5-94.6, 
AND  95.5-111.3. 
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GEOLOGIC    LOG    OF    DRILL   HOLE 


SHEET_£_. 


COLORADO 


FEATURE  __E!«IA_  COAL  _STUDY_  PROJECT LAY   CRE_EK_SIT_E_ STATE 

LOCATION  s&t    SW«,    SEC   30   R93W  „Qo 

HOLE    No        DH-4        _   L"L        U"  — J J GROUND   ELE V.  .  _°540.0 0\P  (ANGl£   FROM  HORIZ )----  — —  --. 

COORDS      N E TOTAL 

BEGUN _2-12-7? FINISHED^-  2-26-79_  __  DEPTH  OF  OVERBURDEN 1-lZ. DEPTH  _______ 


DEPTH  AND  ELEV    OF   WATER                 QRR    NOTES 
LEVEL   AND   DATE    MEASURED LOGGED    BY. 


D.    E.    GRUNDVIG 


BEARING 

^LOG   REVIEWED   BY_ 


C.    RORVIK 


NO  '  f  ■'■  ON  WATER 
LOSSES  AT  D  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
DRILLING    CONDITIONS 


SUITABILITY        OF 
OVERBURDEN 


CLASSIFICATION  AND 
PHYSICAL   CONDITION 


EXPLANATION 


120.4  -  192.0:      SANDSTONE 

LIGHT   TO   DARK   GRAY,    FINE   TO   MEDIUM  GRAINED, 
ANGULAR  TO   SUBANGULAR   GRAINS,    POORLY    SORTED 
SALT   AND   PEPPER  APPEARANCE.      WEAKLY   CEMENTED. 
MODERATELY   POROUS,    MODERATE   TO    STRONG   HCL   RE- 
ACTION.     ROUGH   CORE    SURFACE,    SOME    SMALL,    WELL 
CEMENTED   CONCRETIONS   FROM   129.9  TO    135.1 
BEDDING   INDISTINCT.      CORE   AND   FRACTURE   SURFACE* 
ARE   FRESH-NO   STAINING.      GRADATIONAL   CONTACT 
WITH    SHALE   BELOW.      CORE   BREAKS   OR   CRUMBLES   KITH 
LIGHT   MANUAL   PRESSURE  TO   LIGHT   HAMMER   TAP. 
RECOVERED  AS   0.3-7.7    FT.    LENGTHS,    MOST   ARE 
GREATER   THAN    1.0   FT. 


192.0   -    223.2:      SHALE 

DARK  GRAY  TO  BLACK,  CARBONACEOUS  AND  SANDY  IN 
PART,  FISSILITY  WELL  DEVELOPED,  CRUMBLY,  MOST 
CORE    BREAKS    ARE    HORIZONTAL,       NO    HCL    REACTION. 
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GEOLOGIC    LOG    OF    DRILL   HOLE 


.0f3 


FEATURE  _EMRIA  COAL  _STUDY_ PROJECT _LAXi:REEK_STJ]i STATE       COLORADO 

™   /  LOCATION-    SW?,    SEC   30j_T8N,    R93W  ,„. .    .  o   nfvm 

HOLE  No   PAH GROUND  ELEV 6540.0 0\P  (ANGLE    FROM  HORIZ.) m.-POWN. 

"COORDS   N E TOTAL 

2r?6_~79 DEPTH  OF  OVERBURDEN 12^0 DEPTH  _26iJj__ 


BEGUN, 


_2_-l_2_-79__F,N 


ISHED 


DEPTH  AND  ELEV    OF   WATER 
LEVEL    AND   DATE    MEASURED 


.SEE_ NOTES LOGGED    BY, 


_BEARING 

_Di_E..__GRJJNDYIG LOG  REVIEWED  BY_  „? ._  _RORVIK_ 


MOTES  CN  WATER 
LOSSES  A"D  LEVELS, 
CASING,  CEMENTING, 
CAVING,  AND  OTHER 
Drill  ING    CONDITIONS 


SUITABILITY         OF 
OVERBURDEN 


CLASSIFICATION  AND 
PHYSICAL  CONDITION 


6305  0 
6303.6 


SILTSTONE    INTERVAL    204.9-206.4.    CORE    RECOVERED 
AS   FRAGMENTS   AND   LENGTHS   TO    0.5    FT.      AVERAGE 
LESS    THAN    0.2    FT. 


223.2  -  235.0:      SANDSTONE 

WHITE   TO   LIGHT   GRAY,    FINE-GRAINED,    SUBANGULAR 
TO   SUBROUNDED   GRAINS,    MODERATELY   HARD.      LOW 
POROSITY,    SLIGHT    HCL    REACTION.       INTERVAL    CON- 
TAINS  NUMEROUS   THIN,    BLACK   LAMINATIONS    INCLIN- 
ED APPROX.    20  DEC.    T"   CORE  AXIS.      FRACTURE 
SURFACES   ARE   APPROX.    HORIZONTAL   AND   FREE   OF 
ANY    STAINING.       GRADATIONAL    CONTACT   WITH    SHALE 
BELOW.       CORE    BREAKS    WITH    LIGHT    TO   HEAVY    MANUAL 
PRESSURE.      RECOVERED  AS   0.3-1.1    FT  LENGTHS. 

235.0   -   236.4:     THINBEDDED,    FISSILITY 
BLACK,    CARBONACEOUS, 

WELL   DEVELOPED.      CRUMBLY,    NO   HCL   REACTION. 
RECOVERED   AS    CHIPS    AND    FRAGMENTS    TO    0.2    FT. 

236.4   -   250.9:      COAL 

SAMPLE  SUBMITTED  TO  USGS  FOR  ANALYSIS.   SEE 
REPORT  TEXT  FOR  DESCRIPTION. 

250.9   -   251.6:      SHALE 

SEE    DESCRIPTION   OF    INTERVAL    235.0-236.4. 

251.6  -  263.5:      SANDSTONE 

SEE   DESCRIPTION   OF    INTERVAL    223.2-236.4.    NUM- 
EROUS  THIN,    BLACK,    HORIZONTAL   LAMINATIONS. 
MODERATE   TO   STRONG   HCL   REACTION.      RECOVERED 
AS   0.3-2.4    FT.    LENGTHS,    MOST   ART   GREATER 
THAN    1.0   FT. 


STRAITIGRAPHY 

0.0    -    13.0:       QUATERNARY    SLOPEWASH 

13.0   -   263.5:      TERTIARY   FORT   UNION   FM. 


EXPLANATION 


103 


GEOLOGICAL  STUDY  OF  THE 
LAY  CREEK  PORTION  OF  THE 
YAMPA  COAL  FIELD 


United  States  Department  of  the  Interior 
Geological  Survey 
Conservation  Division 

Written  by 

M.  E.  Brownfield 

1975-76 


10U 


GEOLOGICAL  STUDY  OF  THE 
LAY  CREEK  PORTION  OF  THE 
YAMPA  COAL  FIELD 


Geology  of  the  Lay  Creek  Study  Area 

The  Lay  Creek  Study  Area  is  located  in  the  Sand  Wash  Basin  in  the 
southern  part  of  the  Wyoming  Basin  physiographic  province  as  defined  by 
Fenneman  (1931).   Within  the  study  area  economic  coal  beds  are  present 
only  in  strata  of  Early  Tertiary  age.   As  a  part  of  a  more  extensive  geo- 
logic investigation  the  study  area  was  mapped  by  Michael  Brownfield  as 
a  part  of  the  Lay  and  Lay  SE  quadrangles  (fig.  1).   A  report  on  the  geol- 
ogy and  coal  resources  is  in  progress.   Four  holes  were  cored  in  the 
study  area  by  the  Bureau  of  Reclamation  (figs.  1  and  2).   The  coal  beds 
from  these  cores  were  sampled  and  submitted  to  J .  R.  Hatch,  of  the  U.S. 
Geological  Survey,  for  analysis.— 


Geologic  History 

During  much  of  Cretaceous  time,  the  Sand  Wash  Basin  was  the  site 
of  marine  deposition.   By  Late  Cretaceous  time   sands  from  the  west  pro- 
gressively pushed  the  strand  line  eastward.   The  Mesaverde  Group  and  the 
Lance  Formation  are  the  result  of  sedimentation  along  the  margins  of  re- 
gressing and  transgressing  Cretaceous  seas.   The  Lewis  Shale,  which  over- 
lies the  Mesaverde  Group,  represents  a  wedge  of  marine  shale  in  the  pre- 
dominantly nonmarine  Upper  Cretaceous  of  northwest  Colorado.   Towards  the 
end  of  Cretaceous  time   the  foreland  began  to  rise  and  the  sea  withdrew 
slowly  towards  the  north  and  east. 

During  the  deposition  of  the  continental-fluvial  Lance  Formation 
the  streams  flowed  eastward  through  the  basin  (Masters,  1961,  p.  127). 
As  the  foreland  continued  to  rise  in  the  west  until  it  was  an  active 
positive  area,  the  Parks  Range,  to  the  east  of  the  study  area,  had  risen 
a] so.   The  uplift  of  the  Park  Range  resulted  in  northward  diversion  of 
the  drainage  system.   One  large  river  system  was  established  which  flowed 
north,  probably  from  the  Sawatch  Range  (Tweto,  1975,  p.  17).   Another 
smaller  one  flowed  east  (probably  from  the  Uintas) ,  joining  the  larger 
system  in  the  center  of  the  Sand  Wash  Basin  (Colson,  1969,  p.  124)  . 

The  uplift  of  the  Parks  Range  led  to  erosion  along  the  basin  edges 
and  deposition  of  the  Fort  Union  Formation  in  the  central  and  northern 
part  of  the  Sand  Wash  Basin.   An  extensive  basal  conglomerate  marks  the 
uplift  of  the  Parks  Range  and  the  beginning  of  Paleocene  deposition. 
The  broad  distribution  of  sandstones  in  the  lower  Fort  Union  indicates 
that  the  early  streams  were  braided  and  had  low  sinuosity.   The  early 
streams  ranged  widely  across  the  basin.   Increase  in  sinuosity  of  Fort 
Union  streams  through  time  brought  about  initial  stabilization  of  the 


1/      Results  from  coal  analysis  were  not  received  in  time  to  incor- 
porate them  into  this  report. 
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GEOLOGIC  MAP  OF  THE  LAY  CREEK  STUDY  AREA 
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T.  8  N.1A  R.   93  W. 


"V 


T.    8   N.,  A  R.  94    W. 


Sec.  26 
DH-I 


Blevins  bed  112.8 


T.D.  200.4 


Sec.  27 
DH-2 


10.0 


Sec.  28 
DH-3 


11.3 


T.D.  254.1 


Sec.  30 
DH-4 


14.5 


T.D.  263.5 


EXPLANATION 

14.5  COAL, THICKNESS    IN  FEET 
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STRATIGRAPHIC    SECTIONS    FROM    CORE    HOLES 


i=  DRILLED    IN    THE    LAY     CREEK    STUDY    AREA 


Figure     2 


T.D.  303.4 
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APPENDIX  A  GEOLOGY 

GEOLOGICAL  SURVEY 


stream  meander  belts  and  caused  the  formation  of  extensive  flood  basins 
in  which  coal  and  thick  deposits  of  silt  and  clay  developed. 

Deposition  of  the  Fort  Union  Formation  ended  in  the  early  Eocene 
when  renewed  tectonic  activity  caused  the  uplift  of  the  White  River  Pla- 
teau and  Uinta  Mountains  (Tweto,  1975,  p.  3).   Again  the  margins  of  the 
Sand  Wash  Basin  were  eroded  and  coarse  sediments  of  the  Wasatch  Forma- 
tion were  deposited. 


Coal  Stratigraphy 

In  northwest  Colorado,  coal  beds  of  economic  interest  occur  in  the 
lies  and  Williams  Fork  Formations  of  the  Mesaverde  Group,  and  the  Lance 
Formation,  all  of  Late  Cretaceous  age,  the  Fort  Union  Formation  of  Paleo- 
cene  age,  and  locally  in  the  Wasatch  Formation  of  early  Eocene  age.   The 
sequence  of  these  coal-bearing  rocks  is  shown  in  figure  3  from  Bass  et 
al  (1955).   Within  the  study  area  economic  coal  beds  occur  only  in  the 
Fort  Union  Formation. 

The  Mesaverde  Group  overlies  and  intertongues  with  the  Upper  Creta- 
ceous Mancos  Shale.   The  lies  Formation,  in  the  lower  part  of  the  Mesa- 
verde Group,  consists  of  a  sequence  of  rocks  about  1,500  feet  thick. 
The  lower  two-thirds  consists  of  massive  ledge-forming  beds  of  sandstone 
interbedded  with  sandy  shale,  shale,  and  in  its  upper  part,  coal  beds. 
The  upper  one-third  of  the  lies  Formation  consists  of  a  shale  sequence 
capped  by  a  cliff-forming  sandstone  called  the  Trout  Creek  Sandstone. 

The  Williams  Fork  Formation  includes  all  beds  between  the  top  of 
the  Trout  Creek  Sandstone  Member  and  the  base  of  the  Lewis  Shale.   Its 
thickness  is  approximately  2,000  feet  in  drill  holes  near  the  study  area. 
The  Williams  Fork  consists  of  a  rock  sequence  which  includes  thin  to  mas- 
sive sandstones,  shale,  sandy  shale,  and  coal  beds.   In  some  areas  a  mas- 
sive ledge-forming  sandstone,  the  Twentymile  Sandstone  Member,  divides 
the  lower  and  upper  parts  of  the  Williams  Fork  Formation.. 

The  Lewis  Shale,  generally  about  1,000  to  2,200  feet  thick,  inter- 
venes between  the  underlying  coal-bearing  Williams  Fork  and  the  overly- 
ing coal-bearing  Lance  Formation  in  the  Sand  Wash  Basin.   The  marine 
shales  of  the  Lewis  intertongues  with  both  the  Williams  Fork  Formation 
and  the  Lance  Formation.   The  Lewis  is  composed  of  soft,  sandy,  clay 
shale,  containing  thin  beds  of  limestone  and  ferruginous  concretions. 

The  Lance  Formation,  the  uppermost  of  the  Cretaceous  formations  in 
this  area,  consists  of  a  typically  regressive  suite  of  sediments  grading 
upward  from  nearshore  marine  sandstone  to  a  succession  of  gray  to  yellow 
shales,  thin  coal  beds,  and  massive,  discontinuous  crossbedded  sandstones 
These  beds  closely  resemble  those  of  the  Mesaverde  Group.   The  top  of 
the  Lance  Formation  is  marked  by  a  regional  unconformity  which  separates 
the  Cretaceous  from  the  overlying  Paleocene  and  Eocene  rocks. 
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I' I  CURE    3 
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GENERALIZED    COLUMNAR    SECTION  OF  EXPOSED    ROCKS 
IN  PARTS  OF  ROUTT    AND   MOFFAT  COUNTIES,  COLORADO 
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APPENDIX  A  GEOLOGY 

GEOLOGICAL  SURVEY 


The  coal-bearing  Fort  Union  Formation  overlies  the  Lance  Formation. 
A  regional  unconformity  is  marked  by  a  widespread  basal  conglomerate  con- 
sisting of  metamorphic  and  igneous  pebbles  from  the  Parks  Range  to  the 
east.   The  conglomerate  thins  to  the  west  of  the  study  area.   The  Fort 
Union  Formation  consists  of  interbedded  sandstone,  shale,  and  coal  beds, 
some  of  which  are  quite  thick.   The  thickness  of  the  Fort  Union  ranges 
from  800  to  1,100  feet  thick  in  the  study  area. 

The  Wasatch  Formation  unconf ormably  overlies  the  Fort  Union  Forma- 
tion in  the  study  area.   No  coal  beds  occur  in  the  Wasatch  Formation  in 
the  study  area  but  to  the  northwest  in  the  Hiawatha  oil  field  area  thin 
coal  beds  can  be  found.   The  Wasatch  consists  of  medium-  to  coarse-grained 
sandstone,  drab  to  varicolored  mudstone,  and  some  carbonaceous  shale. 


Coal  Geology 

Within  the  study  area  the  Fort  Union  Formation  contains  three  coal 
zones  with  economic  coal  beds.   The  lower  zone  contains  several  coal  beds 
up  to  10  feet  in  thickness.   The  middle  zone  contains  one  very  thick  coal 
bed  called  the  Emerson  bed.   The  Emerson  bed  can  be  correlated  across  the 
entire  study  area  using  the  drill-hole  data  and  surface  measurements  (figs, 
1  and  4).   The  coal  bed  ranges  in  thickness  from  about  10  feet  at  the  east 
end  to  over  25  feet  to  the  west  of  the  study  area.   The  coal  bed  averages 
over  20  feet  over  most  of  the  study  area.   The  upper  coal  zone  consists 
of  the  Blevins  bed  found  in  the  upper  part  of  the  formation.   The  Blevins 
bed  ranges  in  thickness  from  6.5  feet  to  15  feet  but  generally  is  over  10 
feet  thick  in  the  study  area.   Both  the  Blevins  and  Emerson  beds  are  strip- 
pable  within  the  study  area.   Coals  found  in  the  Fort  Union  Formation  are 
considered  to  be  subbituminous  in  rank. 


Coal  Resources 

Coal  resources  within  the  Lay  Creek  Study  Area  were  calculated  for 
the  upper  two  coal  zones.   Both  the  Emerson  and  the  Blevins  coal  beds  re- 
sources have  been  tabulated  in  the  demonstrated  category  of  geologic  as- 
surance.  The  demonstrated  category  includes  the  subdivisions  measured 
and  indicated  which  are  based  on  the  nearness  of  the  coal  to  a  measure- 
ment of  the  coal  bed  and  on  the  geologic  evidence  and  projection. 

Measured. — Coal  for  which  estimates  of  the  rank,  quality,  and 

quantity  have  been  computed  within  an  area  whose  limit  is  within 

\   mile  (0.4  km)  of  a  measurement  in  a  drill  hole  or  surface  meas- 
urement . 

Indicated. — Coal  for  which  estimates  of  the  rank,  quality,  and 
quantity  have  been  computed  within  an  area  whose  inside  limit 
is  within  \   mile  (0.4  km)  from  the  measurement  and  the  outside 
limit  is  3/4  mile  (1.2  km)  from  the  measurement. 
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APPENDIX  A 


GEOLOGY 
GEOLOGICAL  SURVEY 


A  summary  of  the  demonstrated  coal  resources  for  the  Emerson  and 
Blevins  coal  beds  found  within  the  study  area  is  found  in  the  following 
table. 

Coal  resources— 
Lay  Creek  study  area 


Bed 

name 


Demonstrated 
resources 
(tons) 


Blevins 
Emerson 


Area  I 


19,605,119 
46,917,815 


Area  II 


Blevins 
Emerson 


24,277,446 
50,864,332 


1/      Resource  estimates  are  preliminary  and  sub- 
ject to  revision. 
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APPENDIX  B 
HYDROLOGY 


Hydrology  of  the  Lay  Creek  Area 
of  Northwestern  Colorado 


This  appendix  includes  information  on  the  ground  water  resources,  surface 
water  resources,  and  unsuitability  criteria  results  on  the  Lay  Creek  study 
site. 


United  States  Department  of  the  Interior 
Geological  Survey 
Water  Resources  Division 
Denver,  Colorado 


Appendix  B 
Hydrology—' 


Present  situation 


Anticipated  effect  of 
leasing /development 


Significance  of 
anticipated  impact 


Data  reliability 


Type  of  occurrence. 


Matrix  for  ground  water  resources 


Confined  in  Fort 
Union  Formation;  un- 
conflned  (water 
table)  in  alluvium 
in  principal  stream 
valleys. 


Sandstone  aquifers  in 
mined  area  would  be 
replaced  with  more 
permeable  spoils.   Al- 
luvial aquifers  prob- 
ably would  not  be 
disturbed. 


Would  require  future 
wells  in  mined  areas 
to  be  about  200  feet 
deeper  with  corres- 
pondingly increased 
pumping  lifts  and 
power  consumption. 


Moderate,  but  ade- 
quate. 


If  desired,  suitable 
wells  for  livestock 
and  wildlife  could  be 
developed  on  tract 
after  mining. 


Quantity. 


Total  discharge  from 
the  site  is  probably 
less  than  25  gal/min. 


Inflow  to  pit  prob- 
ably insufficient 
for  mining. 


Leaching  of  spoils 
would  increase  dis- 
solved solids  con- 
centrations by  1,500 


Minor  supplemental 
water  for  mine  use 
(40  to  80  acre-ft/ 
yr)  can  be  obtained 
from  wells  500-1000 
ft  deep  completed  in 
Fort  Union  Formation. 


Moderate,  but  ade- 
quate. 


Discharge  to  adjacent 
valleys  should  in- 
crease slightly  fol- 
lowing mining. 


Dissolved-solids  con- 
centrations range 
from  180  to  1,400 
mg/L. 


Minor,  but  could  be 
long  term. 


Inferred  from  similar 
operations  in  north- 
western Colorado. 


Should  have  no  effect 
on  salinity  of  the 
Colorado  River. 


None. 


Importance  to  live- 
stock and  wildlife. 


No  stock-water  wells 
or  springs  in  pro- 
posed  mine  area. 


On-site  observations. 


Importance  to  agri- 
culture. 


Irrigation  well  in 
Bord  Gulch  obtains 
water  from  alluvium 
subirrigation  occur- 
ring along  Lay  Creek. 


Little  or  none,  pro- 
vided that  the  allu- 
vial valley  floors 
in  Bord  Gulch  and 
Lay  Creek  are  not 
disturbed. 


Minor,  if  alluvial 
aquifers  are  not 
mined. 


Moderate .   Impact 
largely  inferred. 


Bottoms  of  Bord  Gulch 
and  Lay  Creek  valley 
are  almost  certainly 
alluvial  valley 
floors. 


Importance  to  people 
(individual  and  mu- 
nicipal supplies) , 


One  domestic  well  ob- 
tains water  from  al- 
luvium in  Lay  Creek 
valley. 


Little  or  none,  if 
alluvial  aquifers 
are  not  mined. 


Do. 


Type  of  occurrence. 


Lay  Creek  and  all 
other  streams  are 
ephemeral. 


Matrix  for  surface  water  resources 
Little  or  none.  Minor. 


On-site  observations. 


Stream  channels  would 
be  reconstructed  as 
required  by  Office. of 
Surface  Mining  regu- 
lations. 


Estimated  runoff  is 
about  500  acre-ft 
annually. 


Runoff  may  be  reduced 
by  as  much  as  100 
acre-ft/yr  during 
mining,  but  should 
return  to  approxi- 
mately premining 
rates  after  mining. 


Poor.  Effects  of  de- 
velopment largely  in- 
ferred. 


Quality. 


Good,  probably  con- 
tains less  than  1,000 
mg/L  of  dissolved 
solids. 


Little  or  none 


Minor,  any  impacts 
should  be  short  term. 


Poor  to  moderate. 
Based  on  quality  of 
water  in  reservoirs 
in  the  general  area. 


Salinity  of  receiv- 
ing waters  (Colorado 
River) . 


Severe  salinity  prob- 
lem; dissolved  solids 
concentration  down- 
stream from  Hoover 
Dam  about  681  mg/L. 


Little  or  no  direct 
impact  from  mining. 
Municipal  use  would 
increase  salinity  of 
Colorado  River. 


Would  increase  salin- 
ity of  Colorado  River 
downstream  from  Hoo- 
ver Dam  by  as  much  as 
0.0107  mg/L  (0.0016 
percent) .   Impact 
would  be  long  term. 


Moderate.   Based 
inferred  population 
increases. 


Any  increase  in  sa- 
linity of  the  Colo- 
rado River  is  a  sig- 
nificant impact. 


Importance  of  live- 
stock and  wildlife. 


Temporary  water  stor- 
age provided  by  nine 
small  reservoirs. 


Four  reservoirs  would 
be  removed  by  mining. 


Minor,  sedimentaion 
ponds  would  provide 
alternate  source  of 
water  during  mining. 


On-site  observations. 


Reservoirs  could  be 
rebuilt  after  mining. 


Importance  to  agri 
culture. 


Runoff  from  proposed 
mine  area  to  agricul- 
ture areas  in  Bord 
Gulch  and  Lay  Creek 
valleys  provides  less 
than  5  percent  of 
surface  water  supply. 


Loss  of  as  much  as  25 
acre-ft  annually  in 
runoff  to  valley 
floors. 


Minor,  should  be 
short  te 


Poor.  Effects  of  de- 
velopment largely  in- 
ferred. 


Importance  to  people 
(individual  and  mu- 
nicipal supplies). 


Runoff  from  proposed 
mine  area  not  used 
for  individual  or  mu- 
nicipal supplies. 


None  on  proposed  mine 
area.   Consumptive  use 
of  Yampa  River  water 
by  increased  popula- 
tion would  be  about 
60  to  170  acre-ft/yr. 


Would  reduce  flow  in 
Yampa  and  Colorado 
Rivers  by  correspond- 
ing amount. 


Moderate.  Based  on 
inferred  population 
increase. 


Any  reduction  in  the 
Colorado  River  is  a 
significant  impact. 


Erosion  and  sedimen- 
tation. 


Moderate  erosion. 
Site  yields  an  esti- 
mated 0.8  (acre-ft/ 
mi2)/yr. 


Sedimentation  ponds 
would  reduce  sediment 
yield  from  proposed 
mine  area  by  1-4 
acre-ft/yr.   This 
should  offset  any 
temporary  increase  In 
sediment  yield. 


Minor,  long-term  ef- 
fect may  be  to 
slightly  decrease  an- 
nual sediment  yield 
from  affected  areas. 


On-site  observation. 


Site  specific  summary  matrix 
unsuitability  criteria  results 


Applicable  to  tract 


Exception  used 
(if  applicable) 


Additional  data  needed 


Comments 


Alluvial  valley  floors. 


The  bottoms  of  Bord  Gulch 
and  Lay  Creek  valley  on 
the  tract  are  almost  cer- 
tainly alluvial  valley 
floors. 


Final  decision  on  classi- 
fication of  alluvial  val- 
ley floors  and  evaluation 
of  possible  impacts  on 
the  water  supply  by  min- 
ing upstream  to  be  made 
by  Office  of  Surface  Min- 
ing-  


On-site  observations  in- 
dicate that  mining  in  ad- 
jacent areas  should  have 
no  significant  impact  on 
these  valley  floors  pro- 
vided that  the  alluvial 
aquifers  are  not  dis- 
turbed. 


1/   Tract  name  or  number:   LAY. 
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Region  4 


ANALYSIS    OF    SOILS 


Project 

EMIRA   -   LAY  CREEK 

Collected     by 

Date 

Received 

Analyzed     by 

H.F.,   J.S.,   G.H. 

Oatt 

Location 

||  and 
Class 


DH-1 


vegetation 

j SAMPLE 

Lab  No 


Field  No. 


)ppfh, fppf 


^2-50.6    50. 6-52.  552.5-58 


Field   texture 
SOIL 


Saturation  percentage 

pH    paste  

pH  ,  15  dilution 
Insoluble       carbonates 
Gypsum 


I  Organic     matter,    percent 
SATURATION      EXTRACT 

Conductivity       EC~x  lOae~25*~C~ 
PH 


me  /lOO  qm. 


Diss  olved     solids 
Boron 


p.p  m. 


^66 


Shale 


48.4 


"8.2" 


1.02 


Corbonate 


P.P-m. 

me./  I 


Bicarbonate 


me./  I 


Chloride 


me./  I 


Sulfate 


Calcium 


Magnesium 


Sodium 


me. /I 
me./l"\ 

me./ IV 


me  / 1 


Potassium 


me. /I 


+0TT0- 


1.20 


467 


S.S 


MW 


Shale 


~4W 


70.8-81.5 


Shale 


8.2 


52.1 

778" 


!    S.S. 


43.7 


"770" 


84. 5-TTC . 8110. 8-115 


S.S 


8.1 


~  2.08 


2.10 


34.1 


TT 


S.S 


24.4 


8.5 


1.44 


^4-r80- 


24.60 


1.52 


1.85 


±yr^ 


1.53 


8.6 


1.42 


14.16 


2.09 


S.A.R. 


EXCHANGE      RELATIONS 


.5 


Total    sodium 


me./IOOgm. 


33 


Soluble    sodium 


me./IOOgm. 

me./IOOgm. 

_Cotion  exchange    capacity me  /IQOgm. 


Exchangeable     sodium 


Exchangeable     sodium    percent 


PARTICLE      SIZE    ANALYSIS 

Percent     >  2m.nv 

.05-  2m.ni. 
.002-  .05  mm. 


L.  Percent    sand 
Lfercent    silt 


Percent    cloy 


<     002m. m. 


Texture 


.06 
•_27 
.1,25.. 
2.9 


14.4 


57.8 


27.8 


SiCL 


43 


45  .43 


.08 


03 


35 


.37 


24.38 


12.81 


1.4 


2.9 


30_.JL 
51.2 


24.0 


22.0 


18.2 


11 -± 
42.6 


48.6 


29.4 


SiL 


CL 


.05 


.43 


38 


4.56 


8.3 


73.6 


5.8 


20  .~6~ 


SCL 


.05 


38 


3.00 


13 


68.8 


3.6 
77TF 


SCL 


llU 


R,  2/70) 

Rilon  4 


Priect 


ANALYSIS    OF    SOILS 


EMRIA  -   LAY  CKEEK 


elected     by 


Uation 

nd 
(jss  DH-1 


Aijy*'d    by   H.F .  ,    J  .  S.  ,    G .  H . 


Date 


Oat.   4/79 


Received 


'getation 

4MPLE 

lb    No. 

472 

473 

^74 

4/b 

476 

477 

1151- 

127.1- 

135.2- 

175.3- 

185- 

193.9- 

;pth,    feet 

127.1 

135.2 

175.3 

185 

193.9 

200.9 

eld    texture 

s.s. 

shale 

S.S. 

S.S. 

Conqlo. 

S.S. 

OIL 

S.S. 

jturation  percentage 

33.6 

46.4 

37.7 

33.6 

34.0 

35.4 

H   paste 

H  ,  1  =  5  dilution 

8.b 

6.1 

8.3         8.5 

9.1      I      8.7 

i 

soluble       carbonates 

1 

ypsum                                          me/IOOgm. 

1 

rganic     matter,    percent 

SATURATION      EXTRACT 

onductivity       EC  x  10*0  25°C 

1.20 

3.37 

1.63 

l.bb 

1  .08 

.99 

H 

issolved     solids                        p.p.m. 

oron                                              P.p.m. 

orbonote                                      me./ 1 

bicarbonate                                    me./l 

hloride                                            me./l 

-- 

.40 

0 

.05 

.35 

.3b 

Sulfate                                          me./l 

-- 

52.52 

15.24 

12.77 

7.82 

6.74 

Calcium                                           me./  1  "°\ 

c  i     nn 

1/1      QO 

in    on 

r    if 

4     4£ 

Magnesium                                      me./l   J 

1  2.02 

b  1  .00 

1  4.  ?c 

IU  .  GO 

J  .  1  u 

H  .  f  0 

Sodium                                          me./l 

1.4b 

4 .  /0 

j.bb 

6.20 

5.32 

5.16 

'otassium                                      me./l 

B.A.R. 

.6 

.9 

1.3 

2.7 

3.3 

3.5 

EXCHANGE      RELATIONS 

1 

Tolol    sodium                                     me/IOOgm. 

.43  j 

.60 

.50 

.75              .65 

.50 

Soluble    sodium                                me/IOOgm. 

.05  \ 

.22 

.13 

.21 

.18 

.18 

Exchangeable    sodium                    me./IOOgm. 

.38 

.38 

.37 

.54 

.47 

.32 

Cation  exchange    capacity             me/IOOgm. 

3.75 

31.63 

11.56 

12.00 

10.44 

14.13 

Exchangeable     sodium    percent 

10 

1.2 

3.2 

4.5 

4.5 

2.3 

PARTICLE      SIZE    ANALYSIS 

Percent      >  2mm 

Percent    sand       .05-2m.m. 

83.8 

53.8 

59.4 

72.2 

74.0 

76.2 

Percent    silt         .002-.Q5m.m. 

9.6 

17.4 

23.4 

13.4 

14.0 

13.6 

Percent    clay           <    .002 mm. 

6.6 

28.8 

17.2 

14.4 

12.0 

10.2 

Texture 

LS 

SCL 

SL 

SL 

SL 

SL 

115 


)[|«v  2/70) 
Rtjion  4 


'roject 


ANALYSIS    OF    SOILS 


EMRIA  -   LAY   CREEK 


:ollected     by 
Vnolvzed     by 


H.K,   JTSTTGTFr 


.ocation 
and 

Class         DH-2 


Date 


Oct* 


-4/7T 


Received 


Vegetation 

1 
SAMPLE 

Lab   No. 

479 

480 

481 

482 

48T 

4B4^ 

Oepth,    feet 

27.1- 

75- 

129.5- 

166.5- 

177- 

48 

58-75 

129.5 

146.9 

177 

205 

Field    texture 

Shale 

Shale 

S.S. 

S.S. 

S.S.   & 

Shale 

SOIL 

Shale 

jSafurotion  percentage 

57.2 

48.6 

34.6 

30.5 

44.2 

60.5 

pH    paste 

pH  ,15  dilution 

8.3 

8.3 

8.4 

8.6 

8.3 

8.4 

Insoluble       carbonates 

Gypsum                                          me/IOOgm. 

1  Organic     matter,    percent 

SATURATION      EXTRACT 

Conductivity       EC  x  10*0  25°C 

1.67 

.99 

1.28 

1.02 

1.05 

1.45 

PH 

Dissolved     solids                           p. p.m. 

Boron                                                p.p.m. 

Carbonate                                      me./ 1 

Bicarbonate                                    me  /  1 

Chloride                                          me./l 

.15"1 

- 

- 

Sulfate                                          me./l 

- 

6.57 

- 

- 

Calcium                                           me./ 1 

i  c    if 

0  09 

1   O      O/T 

0  fifi 

0  fin 

i  °  nn 

Magnesium                                      me./l              J 

1  b .  /u 

O .OL               1  J . CU 

y  .  DO 

J  .  ou 

Sodium                                            me./l 

2.84 

1.12          1.13 

1.16 

1.29 

4.52 

Potassium                                       me./l 

! 

!                      | 

1 

S.A.R. 

1.0 

.5          .5 

.5 

.6 

1.8 

EXCHANGE      RELATIONS 

Total    sodium                                     me./IOOgm. 

.53 

.45 

.43 

.23 

.43 

1.18 

Soluble    sodium                                me./IOOgm. 

.16 

.05 

.04 

.04 

.06 

.27 

Exchangeable    sodium                    me./IOOgm. 

.371 

.40 

.39 

.24 

.37 

.91 

Cation  exchange    capacity             me./IOOgm. 

17.56 

11.56 

5.63 

3.56 

11.19       47.25 

Exchangeable     sodium    percent 

2.1 

3.5 

6.9 

6.7 

3.3 

1.9 

PARTICLE      SIZE     ANALYSIS 

Percent      >  2m. m. 

Percent    sand       .05-  2m. m. 

10.0 

21.0 

65.0 

79.0 

47.2 

I/.8 

Percent    silt         .002-.05m.m. 

55.0 

53. * 

24.4 

12.6 

32.6 

28.2 

Percent    clay           <    .002  m.m. 

35.0 

25.6 

10.6 

3.4 

20.2 

84.0 

Texture 

SiCL 

SiL                SL 

'                    1 

LS 

L 

C 
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S  t»  2/70) 
feglon  4 

ANALYSIS 

OF    SOILS 

roiect     EMRIA  -   LAY  CKEEK 

ollected     bv                                                                         Date                                             Received 

inalvzed     b¥     H-h"    J'b-'    b'M'                            Date     4/29 

.ocation 
and 

:iass       DH_2 

Vegetation 

SAMPLE 

-ab   No. 

485 

486 

437 

^m 

4sy 

Depth,   feet 

205- 

217- 

252- 

264- 

271- 

217 

252 

264 

271 

303 

Field    texture 

S.S.- 

S.S.- 

S.S. 

S.S. 

S.S. 

SOIL 

Shale 

Shale 

Saturation  percentage 

42.6 

41.9 

43.2 

41.1 

30.7 

pH    paste 

pH  ,  15  dilution 

8.8 

9.5 

3.9 

9.1 

3.4 

Insoluble       carbonates 

Gypsum                                          me/IOOgm. 

|  Organic     matter,    percent 

SATURATION      EXTRACT 

Conductivity       ECxl03©25°C 

1.15 

1  .00 

1.36 

1.27 

1.62 

PH 

Dissolved     solids                         p. p.m. 

Boron                                                P.p.m. 

'Carbonate                                     me./ 1 

Bicarbonate                                    me./l 

Chloride                                        me./l 

Sulfate                                          me./l 

Calcium                                           me./l     "\ 

O      HC\ 

a    c  n 

r    in 

in    in 

Magnesium                                      me./  1    _/ 

4.20 

I.  20 

4.  U'J 

L) .  1  U 

1  1  .  1  u 

Sodium                                          me./l 

b./2 

7.40  |       3.24 

7.44 

6 .  00 

Potassium                                       me./l 

S.A.R. 

4.6 

7.0 

5.4 

4.7 

2.5 

EXCHANGE      RELATtONS 

Total    sodium                                     me./lOOgm. 

1.18 

1.53 

1.03 

1  .00 

.48 

Soluble    sodium                                me./lOOgm. 

.29 

.31 

.36 

.31 

.18 

Exchangeable    sodium                   me./lOOgm. 

.89 

1.22 

.72 

.69 

.30 

Cation  exchange    capacity             me./IOOgm. 

lb. 88 

16.25 

11.75 

9.38 

2.69 

Exchangeable     sodium    percent 

5.6 

7.5 

6.1 

7.4 

11 

PARTICLE      SIZE    ANALYSIS 

Percent      >  2mm 

Percent    sand       .05-2m.m. 

22.4 

69.0 

53.8 

71.6 

71.2 

Percent    silt         .002-. 05 mm. 

53.4 

13.2 

23.2 

14.6 

19.0 

Percent    clay           <    .002  m.m. 

24.2 

17.8 

18.0 

13.8 

9.3 

Texture 



SiL 

SL 

SL 

SL 

SL 
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(:iv  2/70) 


ANALYSES    OF    SOILS 


ojcct 


EMRIA  -   LAY  CREEK 


jllectcd     by 


nolvzed     by   H.F.  ,    J.S.,    G.H. 

location 
and 
lass 


-_ 


DH-3 


Date 


Received 


Oof  4/29 __ 


/eoetotion 


SAMPLE 


Lab  No. 

491 

492 

493 

494 

495 

496 

13.6- 

25.1- 

28.6- 

38.7- 

40.5- 

47.4- 

)epth,    feet 

25.1 

28.6 

38.7 

40.5 

47.4 

55 

i 
field    texture 

Shale 

S.S. 

Shale 

S.S. 

Shale 

S.S. 

SOIL 

saturation  percentage 

39.5 

31.7 

^T4.6 

— 

50.8 

45.9 

>H    paste 

i 

)H  ,  l'5   dilution 

9.4 

9.4           9.8 

9.8 

10.0 

9.9 

nsoluble       carbonates 

3ypsum                                        me/IOOgm. 

1 

Drganic     matter,    percent 

SATURATION      EXTRACT 

Conductivity       ECxl03©25°C 

1.44 

1.89 

1.46 

-- 

1.03 

1.12 

)H 

Dissolved     solids                           p. p.m. 

Boron                                                p.p.m. 

Carbonate                                      me./ 1 

Bicarbonate                                    me  / 1 

Chloride                                            me./l 

2.75 

.90 

.35 

-- 

.30 

.50 

Sulfate                                          me./l 

7.70 

13.10 

9.98 

-- 

3.74 

4.78 

Calcium                                         me./l 

| 

i    F.n 

0     Qr> 

i    °n 

7° 

no 

Mognesium                                      me./ 1        _J 

► 

1  .  ou 

c. .  Jc 

1  .  JO 

.  /  u 

.  Ju 

Sodium                                          me./l 

12.20 

15.60 

12.60 

-- 

9.80 

10.20 

Potassium                                       me./l 

f 

S.A.R. 

14 

13 

15 

— 

16 

15 

EXCHANGE      RELATIONS 

Total    sodium                                     me./lOOgm. 

4.55 

2.20 

5.73 

-- 

12.53 

7.9b 

Soluble    sodium                                me./lOOgm. 

.48 

.49 

.44 

— 

.50 

.47 

Exchangeable     sodium                    me./IOOgm. 

4.07 

1.71 

5.29 

-- 

12.03 

7.48 

Cation  exchange    capacity             me./IOOqm. 

33.75 

11.00 

24.44 

-- 

33.75 

20.13 

Exchangeable     sodium    percent 

12 

16 

22 

-- 

36 

37 

PARTICLE      SIZE    ANALYSIS 

Percent     >  2m. m. 

Percent    sand       .05-2m.m. 

17.4 

25.2 

8.8 

45.6 

23.2 

48.0 

Percent    silt          .002-. 05  mm. 

42.4 

52.4 

47.4 

37.6 

41.2 

27.4 

Percent    clay           <    .002  m.m. 

40.4 

22.1 

43.8 

16.8 

35.6 

24.6 

Texture 

SiC 

SiL 

SiC 

L 

CL 

L 
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by  2/70) 

FUfllOft  4 


ANALYSIS    OF    SOILS 


^ect       EMKIA  -   LAY  CRtEK 

ollected     by 

Date 

Received 

tnolyied     by  H .  h  .  ,    J.S.,    G.H. 

Oat* 

4/79 

.ocation 
and 
:iass 


DH-3 


Vegetation 


SAMPLE 
.ab   No. 


497 


493 


499 


500 


501 


502 


ield  No. 


)epth,    feet 


55-65 


65-72 


72-87 


87-103 


103-124 


124-164 


Field    texture 


Shale 


S.S. 


S.S. 


S.S.  & 


Shale 


S.S. 


SOIL 


Shale 


;  aoturot'on  percentoge 
?H    paste 

PH  ,  15  dilution 

nsoluble       carbonates 


39.3 


45.0 


49.3 


43.9 


44.6 


29.3 


9.9 


9.8 


9.9 


jypsum 

Organic     matter,    percent 

SATURATION      EXTRACT 


me  /  IQO  gm. 


Conductivity       EC  x  \0*Q  25*0" 


9.6 


9.9 


9.8 


1  .44 


1.63 


1.86 


1.96 


1.43 


2.74 


>H 


Dissolved     solids 


AP_m_ 


Boron 


P.P-m 


Carbonate 


me./  I 


Bicarbonate 


me./  I 


-hloride 


me./  I 


50 


1.15 


.80 


.95 


75 


5.40 


Sulfate 


me. /I    "V 
me./ I  -/ 


6.86 


9.78 


11.96 


13.78 


7.07 


16.12 


Calcium 


~tt 


--76- 


--98- 


^t56- 


-hr&2- 


-£r66- 


Magnesium 


me./ I 


Sodium 


me. /I 


13,20 


15.60 


16.75 


18.00 


13.20 


25.50 


Potassium 


me. /I 


S.A.R. 


19 


25 


24 


20 


15 


22 


EXCHANGE      RELATIONS 


Totol    sodium 


me./lOOgm. 


8.25 


4.25 


9.95 


4.00 


9.75 


2.25 


Soluble    sodium 


me./lOOgm. 


5Z 


.70 


83 


.79 


59 


75 


Exchangeable     sodium 


me./lOOgm. 


7.73 


Cation  exchonge    capacity 


me./IOOqm. 


Exchangeable     sodium    percent 
PARTICLE      SIZE    ANALYSIS 


_2K81 
35 


3.55 
10.191 


9.12 


3.21 


9.16 


1.50 


23.44 


9.94 


25.25 


6.50 


35 


39 


32 


36 


23 


Percent     >  2m. m. 


Percent    sand       .05-2rr.m. 


16.8 


ir:w 


5770" 


39T5" 


7778" 


~5B72~ 


Percent    silt 
Percent    cloy 


Texture 


002-  .05  mm. 
<     002m. m. 


45.0 
"3572"" 
SiCL 


47.8 
787F 
CL 


25.2 

T7T8" 

SL 


39.6 
2078" 

IT 


42.4 
3477T 

~~ CTT 


TTTF 
TTTT 
-~STT 


119 


(  v 2/70) 
tglon  4 

ANALYSIS    OF    SOILS 

i 

loiect       EMRIA  - 

■   LAY  CREEK 

Elected     by 

Date 

Received 

iplvzed    bvH.F.,    J.S.,    G.H 


section 

and 

loss     DH_3 


Oote  4/29 


eoetotion 


SAMPLE 


ab   No. 

503 

50^ 

505 

506 

507 

508 

164- 

184- 

200- 

211- 

224- 

225- 

iepth,    feet 

184 

200 

211 

213 

225 

254 

ield    texture 

S.S. 

S.S.   & 

S.S. 

Shale 

Shale 

Siltstone 

SOIL 

Shale 

oturation  percentage 

26.5 

60.0 

25.0 

-- 

49.0 

34.0 

H   paste 

H  ,  1  =  5  dilution 

9.1 

9.5 

9.1 

8.8 

9.5 

9.7 

isoluble       carbonates 

ypsum                                          me/lOOgm. 

•rganic     matter,    percent 

SATURATION      EXTRACT 

lonductivity       ECxlO30  25°C 

1.75 

1.49 

1.76 

-- 

1.17 

2.10 

H 

lissofved     solids                          p. p.m. 

loron                                              P.p.m. 

arbonate                                     me./l 

licarbonate                                    me./l 

hlorlde                                          me./l 

.65 

1.75 

4.65 

-- 

.30 

.15 

•ulfate                                          me./l 

14.77 

4.99 

5.41 

-- 

4.99 

10.61 

Calcium                                           me./l     "? 

7    n/i 

on 

1     c  o 

/in 

7n 

Magnesium                                      me./ 1     <J 

/  .1)4 

.  yu 

1  .  uo 

.  4'J 

.  /U 

iodium                                          me./l 

11.40 

14.20 

15.80 

-- 

11.20 

20.60 

'otassium                                       me./l 

| 

i.A.R. 

6.1 

21 

17 

-- 

25 

35 

EXCHANGE      RELATIONS 

_fotal    sodium                                     me./lOOgm. 

.75 

4.38 

1.03 

-- 

5.75 

2.23 

Soluble    sodium                              me./lOOgm. 

.30 

.85 

.40 

-- 

.55 

.70 

Exchangeable    sodium                   me./lOOgm. 

.45 

3.53 

.63 

— 

5.20 

1.53 

Nation  exchange    capacity             me./IOOgm. 

12.50 

11.81 

2.38 

-- 

9.13 

3.44 

Exchangeable     sodium    percent 

3.6 

30 

26 

-- 

57 

44 

PARTICLE      SIZE    ANALYSIS 

'ercent     >  2m.m. 

.'ercent    sand       .05-2m.m. 

81.8 

20.2 

67.8 

14.8 

11.6 

24.2 

'ercent    silt         .002-.05m.m. 

11.4 

51.6 

22.8 

29.8 

49.2 

50.2 

percent    clay           <    .002  m.m. 

6.8 

28.2 

9.4 

55.4 

39.2 

25.6 

Texture 

LS 

CL 

SL 

C 

SiCL 

SiL 

120 

1  2/70) 
giar.  4 

ANALYSIS    OF    SOILS 

EMRIA  -    LAY   CREEK 

Cllected     bv                                                                         Date 

Received 

iaiyzed    bv  H.F.  ,   J.S.,   G.H.                              Oott  4/79 

Icotion 

jnd 
ass 


DH-4 


ipetotion 


AMPLE 


ib  No. 

509 

510 

r~5rr 

512 

513 

514 

13- 

22.6- 

36.5 

47.2- 

57- 

66.3- 

apth,    feet 

22.6 

36.5 

47.2 

57 

66.3 

69.5 

eld    texture 

Silt- 

Shale 

S.S. 

Shale 

S.S. 

Shale 

;OiL 

stone 

3turation  percentage 

32.0 

34.2 

34.3 

50.9 

42.1 

63.6 

i    paste 

H  ,  IS  dilution 

9.4 

9.9 

9.8 

9.9 

10.0 

9.9 

soluble       carbonates 

1          ! 

vpsum 

me  /I00  gm. 

i               ! 

rganic     matter,    percent 

SATURATION      EXTRACT 

onductivity       EC  x  10s©  25° 

C 

1.04 

1.02 

1.71 

2.21 

1.28 

1.40 

H 

ssolved     solids 

p.p.m. 

oron 

P.P.m. 

arbonate 

me./  1 

carbonate 

me  / 1 

hlorlde 

me./  1 

1.00 

.25 

.55 

.05 

.30 

.30 

ulfate 

me./  1 

4.16 

4.68 

11.02 

16.85 

5.82 

7.80 

alcium 

me./l     1 

i    in 

Q/l 

nn 

l    lfi 

7° 

Tfi 

lagnesium 

me./l  J 

1   .  JO 

.  3  4 

.  'jo 

1  .  1  o 

.  /  c. 

odium 

me./l 

9.20 

9.60 

16.20 

20.40 

12.00 

12.90 

otassium 

me./l 

A.R. 

11 

14 

25 

27 

20 

19 

EXCHANGE      RELATKDNS 

otal    sodium 

me./lOOgm. 

2.25 

6.23 

3.63 

14.68 

5.9b 

9.25 

oluble    sodium 

me./lOOgm. 

.29 

.33 

.56 

1.04 

.51 

.82 

xchangeable     sodium 

me./lOOgm. 

.96 

5.90 

3.07 

13.64 

5.44 

8.43 

ation  exchange    capacity 

me/IOOgm. 

15.69 

22.25 

8.63 

35.06 

13.44 

22.50 

xchangeable     sodium    percent 

6.1 

-21'        ~\ 

36 

39 

40 

37 

PARTICLE      SIZE    ANALYSIS 

ercent     >  2m. m. 

.ercent    sond       .05-2m.m. 

24.8 

16.0 

21.0 

18.2 

31.0 

2/. 6 

ercent    silt         .002-. 05  m 

m. 

47.4 

45.4 

49.8 

36.6 

44.2 

24.6 

'ercent    clay           <    .002  m.m. 

27.8 

38.6 

29.2 

45.2 

24.8 

47.8 

exture 

CL 

SiCL 

CL 

C 

L 

C 

121 

»  2/70) 
igion  4 

ANALYSIS    OF    SOILS 

.    ,      EMRIA  -   LAY  CREEK 

Elected     bv                                                                         Dote 

Received 

,mY*ed    bv  H.F.,   J.S.,    G.H.                              Oat.     4/79 

>cation 

and 

lass    DH_4 

toetotion 


AMPLE 


3b   No 

515 

516 

517 

518 

519 

520 

eld  No. 

epth,  inches 

70-74 

74-82 

82-85 

85-93 

93-95 

94.6-95.5 

ield   texture 

Silt- 

Shale 

Silt- 

Shale 

Silt- 

Shale 

50IL 

stone 

stone 

stone 

aturotion  percentage 

42.5 

43.4 

44.6 

47.7 

46.5 

H    paste 

H  ,  \  5  dilution 

9.9 

10.0 

9.9 

10.0           9.8 

9.9 

soluble       carbonates 

t 

ypsum                                          me/lOOgm. 

i 

rganic     matter,    percent 

jATURATION      EXTRACT 

onductivity       EC  x  I03©  25°C 

1.44 

1.39 

1.21 

1.38 

1  .20 

H 

issolved     solids                         p. p.m. 

oron                                              P.p.m 

arbonate                                     me./ 1 

icarbonate                                    me  /  1 

hloride                                          me./l 

.25 

.30 

.35 

.20 

.45 

ulfate                                          me./l 

6.66 

7.07 

4.16 

7.38 

6.66 

alcium                                           me./  1  ~"t 

lagnesium                                     me./  1  *J 

.80 

.80 

.32 

.84 

.68 

odium                                            me./l 

13.80 

13.10 

11.90 

11.10 

Dtassium                                         me./l 

A.R. 

22 

21 

30 

TT~ 

19 

EXCHANGE      RELATIONS 

otol    sodium                                     me./lOOgm. 

5.50 

~~9.5IT 

4.40 

10.33 

7.38 

oluble    sodium                                me./IOOgm. 

.59 

.57 

.53 

.59 

.52 

xchangeable     sodium                    me./IOOgm. 

4.91 

8.93 

3.87 

9.74 

6.86 

ation  exchange    capacity             me./IOOgm. 

13.44 

21.25 

10.31 

25.00 

17.81 

xchangeable     sodium    percent 

37 

42 

38 

39 

39 

PARTICLE      SIZE    ANALYSIS 

ercent     >  2m. m. 

.ercent    sand       .05- 2  mm. 

9.2 

32.6 

17.4 

12.0 

12.0 

ercent    silt         .002-.05m.m. 

61.4 

33.6 

52.4 

39.2 

57.6 

ercent    clay           <    .002  m.m. 

29.4 

33.8 

30.2 

48.8 

30.4 

exture 

SiCL 

CL 

SiCL 

C 

SiCL 

122 


^05     (Rev.   6-75) 
;au  of  Reclamation 


ANALYSIS    OF    SOILS 


°f0ject 


EMRIA  -   LAY  CKEEK 


Collected     by 


HF,    JS,    GH 


Date 


Received 


Analyzed     by 


Oof    4/79 


Location 
and 

Class  DH-4 


Vegetation 


SAMPLE 


Lab   No. 

521 

522 

523 

524 

525 

526 

95.5- 

111.3- 

120.4- 

192- 

223- 

235- 

Depth,    feet 

111.3 

120.4 

192 

223 

235 

236 

Field    texture 

Silt- 

Shale 

S.S. 

Shale 

S.S. 

Shale 

SOIL 

stone 

Saturation  percentage 

46.3 

52.3 

53.8 

64.4 

28.5 

-- 

pH    paste 

pH  ,  l:5  dilution 

9.7 

9.9 

9.9 

9.8 

9.6 

9.4 

Insoluble       carbonates 

Gypsum                                            me  /  100  gm. 

Organic     matter,    percent 

SATURATION       EXTRACT 

Conductivity       ECxl03©25°C 

1.50 

1.64 

1.53 

1.70 

1.97 

-- 

pH 

Dissolved     solids                         p. p.m. 

Boron                                                P.p.m. 

Carbonate                                      me./ 1 

Bicarbonate                                    me./l 

Chloride                                            me./l 

.25 

.25 

.35 

.35 

.15 

— 

Sulfate                                            me./l 

9.15 

6.86 

11.86 

10.61 

8.74 

-- 

Calcium                                             me./l"^ 

fin 

oo 

Ofi 

on 

6° 

Magnesium                                      me./  \^J 

.  DU 

.  ou 

.  -7D 

.  uu 

.  uo 

Sodium                                            me./l 

13.80 

lb. 80 

14.20 

lb.  40 

19.60 

— 

Potassium                                       me./l 

S.A.R. 

25 

24 

21 

23 

34 

EXCHANGE       RELATIONS 

Total    sodium                                     me./IOOgm. 

6.33 

5.50 

3.25 

12.00 

2.90 

Soluble    sodium                                me./IOOgm. 

.64 

.83 

.76 

.99 

.56 

Exchangeable    sodium                    me./IOOgm. 

5.69 

4.67 

2.49 

11.01 

2.44 

Cation  exchange    capacity             me./IOOgm. 

15.94 

13.75 

6.31 

28.75 

7.19 

Exchangeable     sodium    percent 

36 

34 

39 

38 

34 

PARTICLE      SIZE     ANALYSIS 

Percent      >  2 mm. 

Percent    sond        05-2m.m. 

11.4 

11.8 

71.8 

15.2 

33.6 

Percent    silt          .002-.  05m.  m 

55.8 

59.8 

18.4 

42.6 

44.0 

Percent    clay            <    .002  m.m. 

32.8 

28.4 

9.8 

42.2 

22.4 

Texture 

SiCL 

SiCL 

i 

SL 

SiC 

L 

123 

05     (Rev.   6-75) 
au  of  Reclamation 


ANALYSIS    OF    SOILS 


roiect     EMRIA  -   LAY  CREEK 

nllected     by 

Date 

Received 

knalvied     by   H.F.,    J.S.,    G.H. 

Date  4/79 

.ocation 

and 
Class 


DH-4 


Vegetation 

SAMPLE 

Lab   No. 

527 

528 

250.9- 

251.6- 

)epth,    feet 

251.6 

263.5 

Field   texture 

Shale 

S.S. 

SOIL 

Saturation  percentage 

-- 

25.9 

pH    paste 

pH  ,  15  dilution 

9.3 

9.7 

Insoluble       carbonates 

Gypsum                                            me/IOOgm 

Organic     matter,    percent 

SATURATION      EXTRACT 

Conductivity       ECxlO30  25°C 

-- 

2.14 

pH 

Dissolved     solids                         p. p.m. 

Boron                                                p.p.m. 

Carbonate                                      me./l 

Bicarbonate                                    me./l 

Chloride                                          me./l 

— 

.35 

Sulfate                                          me./l 

-- 

14.14 

Calcium                                           me./l   ^ 

1     A  r» 

Magnesium                                      me./  \J 

1  .  HC 

Sodium                                          me./l 

-- 

20.20 

Potassium                                       me./l 

S.A.R. 

24 

EXCHANGE      RELATIONS 

Total    sodium                                     me./IOOgm. 

2.98 

Soluble    sodium                                me./IOOgm. 

.52 

Exchangeable     sodium                    me./IOOgm. 

2.46 

Cation  exchange    capacity             me./IOOgm. 

3.25 

Exchangeable     sodium    percent 

76 

PARTICLE      SIZE    ANALYSIS 

Percent     >  2m.m. 

Percent    sand       .05-  2m. m. 

45.8 

Percent    silt           002-.05m.m. 

4T.2 

Percent    clay           <    .002  m.m. 

13.0 

Texture 

L 

12U 


5     (Rev.   6-75) 
u.  of  Reclamation 


ANALYSIS    OF    SOILS 


>i«ct     EMRIA  -   LAY   CREEK 

lected     bv  McCoy,    Jibson 

Dote    4/22/79 

Received     4/29/79 

alvzed     bv  HF.    JS,    GH 

Dote  5/1/79 

cation 

ind 

ass 


DH   1 


oetotion 


AMPLE 


b   No. 

529 

530 

531 

532 

eld  No. 

DH  1 

DH  1 

DH   1 

DH   1 

ipth,  inches 

0-6 

6-42 

42-84 

84-120 

eld   texture 

C.L. 

Si. C.L. 

Si. C.L. 

Si. C.L. 

OIL 

ituration  percentage 

38.8 

48.3 

45.1 

46.6 

1   paste 

\ ,  15  dilution 

soluble       carbonates 

Lo 

Hi 

Hi 

Med. 

psum                                          me/lOOgm. 

ganic     matter,    percent 

ATURATION      EXTRACT 

inductivity       EC  x  I03©  25°C 

.270 

.408 

.753 

2.99 

8.0 

8.2 

8.9 

8.4 

[(solved     solids                         p. p.m. 

iron                                                P.p.m. 

irbonate                                     me./ 1 

harbonate                                      me./l 

doride                                          me./l 

llfate                                        me./l 

Ucium                                           me./l         ) 

T      f  0 

0      10 

i  o    on 

lignesium                                         me./ 1           ; 

Z .  j4 

3.  bZ 

Z .  LZ 

iy .  oU 

!dium                                            me./l 

.20 

.81 

5.84 

15.80 

ftassium                                       me./l 

!A.R. 

.2 

.6 

5.7 

5.1 

XCHANGE      RELATIONS 

'tol    sodium                                     me./IOOgm. 

.15 

.50 

1.68 

2.00 

Muble    sodium                                me./IOOgm. 

.01 

.04 

.26 

.74 

(changeable     sodium                    me./IOOgm. 

.14 

.46 

1.42 

1.26 

(tion  exchange    capacity             me./IOOgm. 

15.06 

21.25 

L8.44 

18.75 

(changeable     sodium    percent 

.9 

2.2 

7.7 

6.7 

ARTICLE      SIZE    ANALYSIS 

frcent     >  2m. m. 

frcent    sand       .05-2m.m. 

SI. A 

27.8 

32.6 

33.4 

Frcent    silt           002-.05m.m. 

28.8 

13.6 

+0.2 

41.8 

jrcent    cloy            <    .002m. m. 

17.8 

28.6 

27.2 

24.8 

"xture 

Sandy 
loam 

Clay 
loam 

Loam 

Loam 
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1  2/70) 
fllon  4 

ANALYSIS 

OF    SOILS 

1    f    EMKIA  -   LAY   CREEK 

Cilected    bv       McCoy,   Jibson                                Date      4/23/79                      Received     4/29/79 

iaiyzed     bv       H.T.,   J.S.,    G.H.                          Dote     5/1/79 

Ication 
ind 
joss           DH_2 

jgetation 

AMPLE 

lib    No 

533 

534 

535 

536 

eld  No. 

DH-2 

DH-2 

DH-2 

DH-2 

spth,  inches 

0-8 

8-60 

60-108 

108-120 

eld    texture 

C.L. 

C.L. 

Lt.C.L. 

? 

-01 L                                                                                | 

G.H. 
Control 

~W3~ 

jturation  percentage 

41.5 

r3T79 

52. y 

'i    paste 

H  ,  15  dilution 

! 

soluble       carbonates 

lo 

hi 

hi 

hi 

1 

rpsum                                          me/lOOgm. 

1 

rganic     matter,    percent 

JATURATION      EXTRACT 

onductivity^      EC  x  I03©  25°C 

.533 

.555] 

5.70 

8.62 

1 

8.6 

~S.3~~ 

~8~.5 

8.0 

ssoived     solids                          p. p.m. 

oron                                                P.p.m. 

jrbonate                                      me./ 1 

carbonate                                    me  /  1 

iloride                                          me./l 

jlfate                                          me./l 

alcium                                           me./l             L 

s  sn 

1    SO 

30   90 

49  00 

ognesium                                      me./l           _J 

adium                                            me./l 

.51 

4.24 

40.50 

48.75 

itassium                                       me./l 

A.R. 

.3 

4.9 

10 

8.1 

EXCHANGE      RELATIONS 

Dtal    sodium                                     me./IOOgm. 

.25 

1.48 

4.40 

4.50 

oluble    sodium                                me./IOOgm. 

.02 

.19 

1.41 

2.58 

^changeable    sodium                    me./IOOgm. 

.23 

1.29 

2.99 

1.92 

ation  exchange    capacity             me./IOOgtr.. 

18.63 

17.94 

18.75 

17.06 

^changeable     sodium    percent 

1.2 

9.2 

16 

11 

PARTICLE      SIZE    ANALYSIS 

ercent     >  2m. m. 

_ercent    sand       .05-  2m. m. 

48.2 

35.2 

36.0 

Flocc. 

ercent    silt         .002-.05m.m. 

31.6 

40.8 

39.2 

_ercent    clay           <    .002  m.m. 

20.2 

24.0 

24.8 

exture 

Loam 

"  *vil t  " 
Loam 

Loam 

i 
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ItV  2/70; 
FUgion  4 

ANALYSIS 

OF    SOILS 

roiect     EMKIA    -    LAY    CREEK 

ollected     bv     McCov,    JiOSOn                                       Date    4/23/79                           Received 

"mflivzed    bv     H.F.,   J.S.,    G.H.                            Oate  5/1/79 

.ocotion 
and 

class 

DH-3 

Vegetation 

SAMPLE 

.ab   No. 

537 

538 

539 

held  No. 

DH3 

DH3 

DH3 

)epth,  inches 

0-24 

24-60 

60-120 

rield   texture 

SOIL 

Saturation  percentage 

47.4 

39.9 

35.2 

)H    paste 

>H  ,  15  dilution 

nsoluble       carbonates 

Lo 

Hi 

lo 

Sypsum                                          me/IOOgm. 

Drgonic      matter,    percent 

SATURATION      EXTRACT 

Conductivity       EC  x  I03©  25°C 

.347 

.385 

.636 

)H 

8.4 

8.6 

8.8 

Dissolved     solids                         p. p.m. 

Soron                                                P.D.m. 

Carbonate                                      me./ 1 

Bicarbonate                                    me./l 

Chloride                                          me./l 

Sulfate                                          me./l 

Calcium                                           me./l      ~) 

i    r n 

Magnesium                                      me./l     — ' 

3.32 

2  .on 

1  .  bo 

Sodium                                          me./l 

.43 

2.04 

4.76 

'otassium                                       me./l 

S.A.R. 

.3 

2.0 

5.3 

EXCHANGE      RELATIONS 

Totol    sodium                                     me./IOOgm. 

.33 

.63 

1.28 

.Soluble    sodium                                me./IOOgm. 

.02 

.08 

.17 

Exchangeable     sodium                    me./IOOgm. 

.21 

.55 

1.11 

Nation  exchange    capacity             me./IOOgm. 

23.94 

13.75 

19.64 

Exchangeable     sodium    percent 

.9 

4.0 

5.6 

PARTICLE      SIZE    ANALYSIS 

'ercent      >  2mm 

percent    sand       .05-2m.m. 

34.8 

33.2 

31.4 

sercent    silt         .002- .OC  .n.m. 

35.8 

38.6 

38.6 

percent    clay           <    .002  m.m. 

29.4 

28.2 

30.0 

Texture 

Clay 
Loam 

Clay 
Loam 

Clay 
Loam 
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>?#*  2/70) 
Region  4 

ANALYSIS 

OF    SOILS 

■ 

>roiect      EMRIA  -   LAY  CREEK 

kiiected    b»    McCoy,  JiDSon 

Date   4/23/79 

Received  4/29/79 

inalvzed     bv     H.F.,    J.S.,    G.H. 

Dote  5/1/79 

.ocotion 
and 

Class       DH-4 

Vegetation 

SAMPLE 

Lob   No 

540 

541 

542 

543 

544 

Field  No. 

DH-4 

DH-4 

DH-4 

DH-4 

DH-4 

Depth,  inches 

0-20 

20-36 

36-60 

60-102 

102-156 

[Field    texture 

Shale 

SOIL 

Saturation  percentage 

54.1 

50.4 

49.1 

53.5 

49.2 

pH    paste 

pH  ,  15  dilution 

Insoluble       carbonates 

hi 

hi 

med 

med 

lo 

|  Gypsum                                          me/IOOgm. 

{Organic     matter,    percent 

SATURATION      EXTRACT 

Conductivity       ECxlO30  25°C 

.620 

1.82 

6.29 

7.33 

3.17 

PH 

8.6 

8.8 

8.3 

8.2 

8.5 

Dissolved     solids                         p. p.m. 

Boron                                                p.p.m. 

Carbonate                                      me./l 

Bicarbonate                                    me./l 

Chloride                                          me./l 

Sulfate                                          me./l 

Calcium                                           me./l       *\ 

Magnesium                                      me./ 1       ^/ 

3.62 

3.55 

22.50 

40.20 

6.90 

Sodium                                          me./l 

3.24 

13.80 

42.00 

53.00 

25.50 

Potassium                                       me./l 

S.A.R. 

2.4 

10 

12 

12 

14 

EXCHANGE      RELATIONS 

1 

Total    sodium                                     me./lOOgm. 

.93^ 

3.73 

5.10 

6.00 

3.90 

Soluble    sodium                                me/IOOgm. 

.18 

.70 

2.06 

2.84 

1.25 

Exchangeable    sodium                   me./lOOgm. 

.75 

3.03 

3.04 

3.16 

2.65 

Cation  exchange    capacity             me./IOOgm. 

29.88 

26.31 

26.25 

27.94 

17.00 

Exchangeable     sodium    percent 

2.5 

12 

12 

11 

16 

PARTICLE      SIZE    ANALYSIS 

Percent     >  2m. m. 

Percent    sand       .05-2m.m. 

27.4 

23.8 

26.0 

27.2 

22.0 

Percent    silt         .002-.05m.m. 

28.4 

36.8 

36.6 

35.0 

48.4 

Percent    clay           <     002ffl.m. 

44.2 

39.4 

37.4 

37.8 

29.6 

Texture 

Clay 

Clay 
Loam 

Clav 
Loam 

Clay 
Loam 

Clay 
Loam 
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Symbols  6  Abbreviations  most  commonly  used  by   USBR 

Soil  Profile  Symbols  Land  Use 


Cobble 

Gravel 

Sand 

Loamy  Sand 

Sondy  Loom 

Loom 

Silt  Loom 

Silty  Cloy  Loam 

Sondy  Clay  Loai 

Clay  Loam 

Clay 

Silty  Clay 

Heavy  Clay 

Mudstone 

Shale 

Sandstone 


C  -Irrigated  cultivated 
P— Irrigated  grasstond 
L  — Nonirngated  cultivated 
6 -Nonirngated  grosslond 
B  -Brush  or  timber 
H  -  Suburbon  or  homesteod 
I  -Idle 

Mapping  Symbol 

Soil  Deficiency 1  p Topography   Deficiency 

I Information  Symbols 

j  St     rrh 
Land  Use--^_p^  ^  ^JU?^  Undefloy|ng  Geo|09,c  Material 

Depth  of  Suitable  Soil I    L___Next  signif.cont  Soil  Loyer   Texture 

Surface  Soil  Texture 

Key   to  Laboratory  Determination 

Hydraulic  Conductivity 
frogmen!   Samples 1 


Settling  Volume  - 


Land  Suitability  Clo 


|l5  5;64-pH(CoCI2) 
-pH  of   I  5 


85 

e  7 

5  K 

B.O 

VEG.    BLACK    SAGEBRUSH 

MATCH    BRUSH    -    NATIVE 

TOPOG.    SX    SLOPE 

(EC   5.3   BELOW   30") 

1 

Bhla-61 

ITT 

VRG.    SAGEBRUSH 

NATIVE   GRASSES 

TOPCC.      82   SLOPE 

B  9 

B3i 3|-6 


-!__,   Bl  All    nAl.Hthl  SH, 


NATIVE  LKASS1S 


T.ipnr,.   id     slope 


TDPfli;.    42   SLOPE 


IQI'LX..     IV     NUKTH 


_VJ_-.    WHEAT    STUBBLE 
TOPOI  .       '">':    NORTH 
SLOPE 


in     JffiC.    BLACK   SAGEBRUSH 


B  '  ■  »  3 


84   NATIVE  GRASSES 


MATCH  BRUSH.  NATIVE 


733   TOPOC.  TOP  OF  NARROW 


VEG.  BLACK  SAi.IBKI  SH 


Vt:i;.  SUMMER  FALLOW 


5»j»   TOPOC.   TOP  OF  NARROW 
IT"  RIDGE 


H- 

J 

Bills 

,  L 

cL 

CL 

66 

MATCH    BRUSH 

s  r 

TOPOG.    102   NORTH   SIMPLE 

SLOPE 

(kIooaO 


SCALE   OF    FEET 

UNITED    STATES 
Deportment   ot    the   Interi 


4  In 
Seel, on 

Totol 
Suitoble 

6 

ROW 

Other 

Grond 
Totol 

1 

2 

1 

Totol 

1 

? 

S 

Totol 

NE 

in.: 

95.  4 

'5.1 

150.7 

150.7 

9.1 

160.0 

NW 

70.7 

51.4 

75.0 

147.1 

147.1 

12.9 

160.0 

SW 

22.3 

34.61 14. 7 

71.6 

71.6 

88.4 

'     . 

SE 

11  .7 

73.0114.3 

119.0 

119.0 

41.0 

160.0 

TOTAL 

154.9 

254.479.1 

488.4 

488.4 

151.6 

640.0 

LAY  CREEK   SITE      EMRIA  PROJECT 
LAND    CLASSIFICATION 


rintp  Seot    iq  78         Photo  No  0UF-7.J-8I 

Sec_ZJB-T.aN-R.93LW. 

Salt  Lake  City,  Utah 
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Symbols  &  Abbreviolions  most  commonly  used  by   U  S  B  R 

Land  Use 


Soil  Profile   Symbols 


Cobble 

Grovel 

Sand 

Loamy  Sand 

Sandy  Loam 

Loam 

Sill  Loom 

Silty   Clay  Loom 

Sandy  Clay  Loom 

Clay  Loam 

Clay 

Silty    Clay 

Heavy   Cloy 

Mudstone 

Shale 

Sandstone 


C  -Irrigated  cultivated 
P— Irrigated  grassland 
L -Nonirngated  cultivated 
G -Nonirngated  grossland 
B  -  Brush   or    timber 
H  -  Suburban  or  homestead 
I  -Idle 

Mapping  Symbol 

Soil  Deficiency 1  r—  Topography    Deficiency 

I Information  Symbols 

j  St      rrS 
Land  Use~~-—~.p5  |_|_|  g^-^—  underlaying  Geologic  Motenal 

Depth  of  Suitable  Soil -*    I 

Surface  Soil  Texture ' 


Land  Suitability  Clos< 


1 Next  Significant  Soil  Loyer    Texture 

Key   to  Laboratory   Determination 

Hydraulic  Conductivity 
fragment   Somples 1 


5  5-64-pH{CaCI2) 

' pH  of    I  5 


^L  _VEG...    SAGEBRi/SH    AN D 


NATIVE    C_R/SSES_ 
TOPOG.    6    to    13?; 


m 


R'  '■iil  ROLLINi  RIDGES  .  _ 
SiOM  SANDSTONE  OUTCROPS 

"Sit ' " 

86 

VEG.  SAGEBRUSH  & 


:;>.ik  i  h  .  tM'"iLKt... 


SANDSTONE  OlICKuPS 


ME.C ,  IDLE  DRV  FARM  _ 
TOPOG.  t>  to  8?,  SLOPE 
ROLLING  SLOPES.  LIME_ 
MYCE1.IA  tiZ'-.a:-!    2U"    -  H 
DRY.  CLODDY  SOIL 


_N,\  WW.    GRASSES 


■-■TKE'i::.  :-■■■'<[, \.  ; 


II       Pl,l2 


VEG.  SAGEBRUSH 


LLEY  -  SOME  SANDSTONE 
ROCK  OUTCROPS  -  LIME  J. 
HEAVY  CLOIfv  SOIL 


B3i3,-6,  hl 


VEG.  SAG1  BRUSH 


TOPOG.   8;.  SLOPE 


VEG.  SAGEBRUSH 


TOPOG.  1%    SLOPE 


VEi...    SAGEBRUSH 


roh'i  .   :,-;  slop;: 


SLIGHTLY    ROLLING 


4a        Li|i2 


VEG.  IDLE  DRY  FARM  LAND 


SLIGHTLY  ROLLING  -  ROCK 


8  7 
~7 

9  0 

9T 

i  r 

9  l" 

4  7K 
H  e 

NATIVE   GRASSES 

TOPOG .    3X    SLOPE 

MODERATE    LIME    V    to    V 

HIGH    r.TME      4'    to    6*j* 

e  e 

B.9 

68 

VEG.  DRY  LAND  CULTIVATED 
TOPOG.  3  to  5%  SOUTH 


(640,0  AC) 


4  th 
Section 

Total 
Suitable 

6 

ROW 

Other 

Grand 
Total 

1 

? 

3    ITotol 

1 

? 

3 

Total 

NE 

67.6 

n,o 

16.91  117.5 

.       H7.5 

...  .  : 

160.0 

NW 

73.4 

1,0 

1 1  . »   t ns. •> 

106.2 

'.  ,    R 

160.0 

;  n 

84.6 

6,9 

3.1 

94.6 

94.6 

65,4 

160.0 

SE 

54.2 

57.8 

57.8 

102 .2 

160.0 

TOTAL 

J79.fi 

71.8 

376.1 

In.  ■ 

263.9 

iwll.ii 

SCALE   OF   FEET 

UNITED    STATES 
Deportment   ot    the   Interior 

LAY  CREEK  SITE      EMRIA  PROJECT 
LAND    CLASSIFICATION 

Classified  hy  J-R-  McCoy      pianimetered  hy  J  K  Jlbson 
nntP  Sept   ,q78         Photo  No  DUE-7JJ-BI 

S»r  27  T  8N   R  93W 

Salt  Lake  City,  Utah 
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Symbols    ft   Abbreviotions   most    commonly    used   by    U  S  B  R 

Soil  Profile   Symbols  Land  Use 


Ims" 
[ss_ 


Cobble 

Gravel 
Sand 
Loamy  Sand 

Sondy    Loom 

Loom 

Sill    Loom 

Silly    Clay   Loam 

Sandy  Cloy  Loam 

Clay  Loom 

Cloy 

Silty  Cloy 

Heovy   Clay 

Mudstone 

Shale 

Sandstone 


C  -Irrigated  cultivated 
P  —Irrigated  grassland 
L -Nomrngated  cultivated 
G  -  Nonirngoted  grassland 
B  -Brush  or  timber 
H -Suburban  or  homestead 
I  -Idle 

Mapping  Symbol 

Soil  Deficiency 1  p Topography   Deficiency 

-j        |  i Information  Symbols 

3  st     rHn 
Land  Use~^---p3  |_ |_|  sh-H^— Underlaying  Geologic  Material 

Depth  of  Suitable  Soil J    L_NeKt  Significant  Soil  Loyer   Texture 

Surface  Soil  Texture 

Key   to  Laboratory   Determination 


Land  Suitability  Cla 


Hydraulic  Conductivity 
ffogment   Samples 


ft 


5-64-pH(CaCI2) 
' pH  of    I  5 


10      jLOPE 


B6 


:    Ml 


M?23 


VEl..     HEEDS 


VEl,.    OREASEUOUD 


TOPHI,.        V     SLOPE 


VEG.  CHAIN  STUBBLE 


TOPOC.   I'.  SLOPE 


3b"  MAY  HAVE  WATER 
TABLE  IN  SPRINT; 


2  2     Bl|l,-6| 


ve...  Russia,.  im-.Tl.E 


VEG-    SPARSE    SAGEBRUSH 
TOPOr,. Irt    SLOPE 


VEI,.     SAcEBRC.Ml 


TOPOI..    kl    SLOPE 


24-A B?|3| 


^Ai.EhKLSH    ,'.   I.RE.\>I '..-"on 


SELOW    3' 


_      UHEATLRASS 


_  RABBI  TBRUSII  ^_  CREST  EL 


SOIL    UAS    DAMP    BEEOU 


(640  0  AC) 


4  tti 
Section 

Total 
Suitoble 

6 

R.O.W 

Other 

Grond 
Total 

1 

? 

1 

Tolal 

1 

? 

3 

Total 

NE 

11.7 

28.8 

109.0 

109 .  n 

w.n 

1.0 

160.0 

NW 

4S.1 

34  . 0 

79.3 

79.3 

7«,1 

2.4 

160.0 

SW 

lb.}. 

8.8 

1.4 

86.4 

80.4 

67.9 

S.7 

160.0 

SE 

95.3 

10.8 

2.S 

114.  9 

114.9 

.-.. : 

160.0 

TOTAL 

>B5.3 

71.3 

33.1 

,«".« 

389.6 

241.3 

9.1 

640.0 

SCALE   OF   FEET 

UNITED   STATES 
Deportment   of    the   Interior 

LAY  CREEK   SITE      EMRIA  PROJECT 
LAND    CLASSIFICATION 

Classified  hy-  p  tati  or  Plonimetered  by  J.K.  jibson 

nntp   Oct     ig  78         Photo  Mr,  DUE- 2 JJ -250 

Rpp.  28  T  8N  R  93W. 

Soil  Lake  City,  Utah 


137 


Symbols  8  Abbreviations  most   commonly   used  by   U  S  BR 

Land  Use 


Soil  Profile   Symbols 


Cobble 

Grovel 

Sand 

Loamy  Sond 

Sandy  Loam 

Loam 

Silt  Loom 

Silty  Clay  Loam 

Sandy  Cloy   Loam 

Clay  Loam 

Cloy 

Silty   Cloy 

Heovy  Clay 

Mudstone 

Shale 

Sandstone 


C  -Irrigated  cultivated 
P— Irrigated  grassland 
L -Nonirngoted  cultivated 
G -Nonirngated  grassland 
B  -Brush  or  timber 
H- Suburban  or  homestead 
I  -Idle 


Mapping  Symbol 

Soil  Deficiency 1  i — Topography 

I Infor, 

— L"k£T 

P3  LH  Sh  Underlaying  Geoloqi 

I    I Next  Signif.cont  Soil  Layer 


Land  Suitability  Closs- 
Land  Use- 


i  Symbols 


face  Soil  Texture ' 

Key   to  Laboratory  Determination 


25 

B3|3,-6|  ^ 

cL 

■.  ]■...     bAL.EBRUSH 

TOPOG.       f>X    SLOPE 

26 

1 
Bhl3 

8.3 

■Ty 
-■.')J 

topoc.     ior_  slope 

-  SANDSTONE    AT    66" 

(EC  =  5.4  at  42"  to  54") 

27 

B3|-6,"h 

CV 

C 
I  " 

f 

8.B 
21.2 

VEC.    GREASEBRUSH 

08 

SAGEBRUSH 

TOPOG.       5X    SLOPE 

(EC    19.7    below    18") 

— 

2s          h 

28 

B2|2,-6i 

■:. 

Gr 

e  g 

VEG.    TALL   BLACK   SAGEBRUSH 

TOPOG.    32   SLOPE 

29 

ttr« 

SL 

VEG.    SPARSE    SACEBRUSH 

TOPOG.       n    SLOPE 

1 

30 

Bl|l,  -6, 

IT 

VEG.    WEEDS    &    PASTURE 

TOPOG.    LOW    POSITION 

ON    SMALL    CREEK    FLOOD 

PLAIN    -    HAY    BE    SUBJECT 

10    HIGH    WATER    TABLE 

AH-7 

1 
Bills 

Li- 

Sk 

cL 

s 
c 

s 

e 
_L 

-5 

8.0 

eT 
"ST 

9.98 

VEG.    SAGEBRUSH  AND 

NATIVE    GRASSES 

Z2 

TOPOG.       3X   SLOPE 

8.9 

0  4 

B9 
B  53 

90 

WEATHERED    SANDSTONE    3'-9' 

26 

■59 

AH-e 

1 

BTJTi 

C 

Si 
C_ 

9.0 

VEG.    SAGEBRUSH 

9.0 

T7~ 

4.63 

B.B 

.NATIVE   GRASSES___ 

TOPOG.       3-4?,    SLOPE 

ROLLING 

8.9 

Te 

TT 

TT 

9.1 
9  1 

To 

7.80 
8.7 

9  71 
BG 

B  II 
8.6 

8.18 
8.5 

7.60 
8.5 

6.04 

VEG.    MUSTARD    -    2nd 

GROWTH    SAGEBRUSH 

NATIVE   GRASSES 

TOPOG.       3X    SLOPE 

85 

(6400AC) 


4  th 
Seclion 

Total 

Suitable 

6 

ROW 

Other 

Grand     1 
Total 

1 

2 

3 

Total 

1 

? 

S 

Tola 

NE 

46.9 

48.6 

14.8 

110.3 

110.  1 

NW 

40,  ) 

21.2 

1.5 

63. n 

17.0 

SW 

10.9 

0.8 

23.5 

35.2 

35.2 

45.8 

SE 

45.1 

37.8 

B2.9 

82.9 

76.0 

1.1 

160.0 

TOTAL 

143.2 

70.6177.6 

291  .4 

291.4 

188.5 

1     1 

481.0 

SCALE   OF   FEET 

UNITED   STATES 
Department  of   the   Interior 

LAY  CREEK  SITE      EMRIA  PROJECT 
LAND    CLASSIFICATION 

Classified  hy:  p  R-  Taylor      piommetered  hy  •>  *  Jibson 
nme   Sept    iq78  Pholo  No  DUE-2JJ-250 

Sec.29_T.8aNLR.92W 

Salt  Lake  City,  Utah 
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Symbols  8  Abbreviotions  most  commonly  used  by  U.S8.R. 

Land  Use 


Soil  Profile  Symbols 


Cobble 

Grovel 

Sond 

Loomy   Sond 

Sandy  Loam 

Loom 

Silt  Loom 

Silty  Cloy  Loom 

Sondy  Cloy  Loam 

Clay  Loam 

Clay 

Silty   Cloy 

Heavy  Clay 

Mudstone 

Shale 

Sandstone 


C- Irrigated  cultivated 
P— Irrigated  grassland 
L -Nonirngated  cultivated 
G -Nonirngoted  grassland 
B  -Brush  or   timber 
H- Suburban   or   homesteod 
I  -Idle 

Mapping  Symbol 

Soil  Deficiency «  i— Topogrophy    Deficiency 

Land  Suitability  Class -.    |!  i Information  Symbols 

3  St      r-h 
~P3  LH  Sh-^—  Underlaying  Geologic  Materiol 


Land  Use- 


-Next  Significant  Soil  Loyer   Tenture 


Key   to  Laboratory  Determination 


Hydraulic  ConduC 

frogment   Somple 


06AC/ 


BI|l2-65 


(160  0  AC) 


© 


P  E 

SAfiKHRIISH 

e  a 

TV 

ropoi 

.    6? 

SLOPE 

B.9 

H£AKU     BARREN 


B.6 

',  1  i  . 

iPARSl 

SHORT- 

SAGEBRUSH 

■  opoi 

.      6*    SLOPE 

Sec.  30,  T  30  N,  R  93  W 

62a  ;  AC 


B.6    '   I:    .     SPARSE    SACEBRl'SH 


-SLIGHTLY    ROLLING 


i  in 

Section 

Total 
Suitable 

6 

ROW 

Other 

Grand 
Total 

1 

? 

?> 

Total 

I 

? 

7> 

Totol 

NE 

sn.i 

1.4 

55.5 

55.5 

1114.5 

ISO. ft 

NW 

33.fi 

1.8 

2.7 

41.1 

41.1 

117.1 

154.0 

sw 

7.4 

<).l 

36.7 

17,5 

154.2 

SE 

■>;.>. 

6.1 

61.7 

63.7 

TOTAL 

11)3.1 

I'l. 

23.: 

197.0 

117, 

431,, 

(,28.2 

SCALE   OF   FEET 

UNITED    STATES 
Deportment   of    the   Inferior 
Bureau   of   Reclamation 

LAY  CREEK   SITE      EMRIA  PROJECT 
LAND    CLASSIFICATION 

Classified  hy  P.  Tovlor  Plonimetered  hy  J.K.  Jibson 

flnlp    Dec.    IQ78  Photo   No  DUE-2JJ-I94 

Sec.^lT.aiN  R.9i_W 

Solt  Loke  City,  Utah 
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Symbols   ft  Abbreviations  most   commonly   used  by  USB.R. 

Land  Use 


Soil  Profile   Symbols 


Cobble 

Grovel 

Sand 

Loamy  Sand 

Sandy  Loam 

Loam 

Silt  Loom 

Silty   Cloy  Loam 

Sandy  Cloy  Loom 

Cloy  Loom 

Clay 

Silty  Cloy 

Heavy  Cloy 

Mudstone 

Shole 

Sandstone 


C  -Irrigated  cultivated 
P  —  Irrigated  grassland 
L  — Nonirngated  cultivated 
G -Nonlrngoted  grassland 
B  -  Brush  or  timber 
H- Suburban  or  homesteod 
]  -Idle 

Mapping  Symbol 

Soil  Deficiency 1  r—  Topogrophy   Deficiency 

I Information  Symbols 

.  St      rrS 
Lond  Use^-^p^  ^  g^  nW     Undef|0ying  Geologic  Moteriol 

Depth  of  Suitable  Soil "    |    I Next  Sjgnifjcan,  Soi,  Loyer  Texture 

Surface  Soil  Texture 

Key   io  Laboratory  Determination 


Lond  Suitability  Clos: 


Hydraulic  Conductivity 
frogment   Samples 


Settling   Volume  - 


|j5.5764-pH(CaCt2) 
-pH  of   15 


40 

BI|1S 

B  ' 

VW..    TALI.    SARRHPTIKn 

TOPOG.    71    SLOPE 

41 

B2?-6,  " 

K 

5S 

VFG.    SAGFRRIISH 

TOPOG.   8£  slope; 

1 

42 

ei,!2-6. 

8.6 

VFG.     SAGFRRIISH 

NATIVE   GRASSES 

TOPOG.    12   SLOPE 

TOP   OF    PIATFAII 

6  e 

5  !'          hu 

43 

B2,2j-6|   "' 

c. 

"EG.    SAGEBRUSH 

TOPOG.    151   SLOPE 

43o 

1 

Bl,l, 

c. 

VEG.    SAGEBRUSH 

TOPOG.    1?   SIOPF 

1 

AH-13 

Bl,l2-6i 

c, 
c. 

9  1 

VEG.    BLACK   SAGEBRUSH 

FEW   NATIVE   GRASSES 

SANDSTONE  AT   5' 

96 

3s            , 

AH-I 

4 

83i3i-66    " 

I 

Sic 
6 
MS 

9  I 

6.9 

g 

— 

TOPOG.    7%   SLOPE 

ROLLING 

6sl 

B6 

03AC 


^^ 


4  Ih 
Section 

Tolol 
Suitable 

6 

ROW 

Other 

Grand 
Totol 

1 

2 

3 

Total 

1 

? 

3 

Totol 

NE 

lft.l 

n.n 

37,7 

■>(,.( 

56.8 

10_l»i 

lf>n.n 

NW 

49.1 

?1.8 

72.? 

72.9 

»l     5 

154.4 

SW 

23.8 

5. 

29.^ 

29.1 

4ft   1 

77.2 

SE 

Ro.n 

80.0 

TOTAL 

89.0 

37.1 

32.7 

158.8 

158.8 

n12.fi 

4  71.4 

SCALE   OF   FEET 

TED   S 
nt   of 
Bureau  at    Reclomal.on 

LAY  CREEK  SITE      EMRIA  PROJECT 
LAND    CLASSIFICATION 

Classified  hy   PR  Tovlor       piammetered  hy  i  K  Jibson 
notP   Oct      iq78  Photo   No  DUE-2JJ-I93 

.w  31  T  8NR93W 

Salt  Lake  City,  Utah 
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Symbols  8  Abbreviations  most   commonly   used  by   US8.R. 

Land  Use 


Soil  Profile   Symbols 


Cobble 

Gravel 

Sond 

Loamy  Sand 

Sandy  Loom 

Loam 

Silt  Loam 

Silty   Clay  Loom 

Sandy  Cloy  Loom 

Cloy  Loam 

Cloy 

Silly   Cloy 

Heavy  Cloy 

Mudstone 

Shale 

Sondstone 


C  -Irrigated  cultivated 
P— Irrigated  grassland 
L  — Nonirngoted  cultivated 
G -Nomrngoted  grassland 
8  -  Brush  or  timber 
H- Suburban  or  homestead 
I  -Idle 


Mapping  Symbol 

Sod  Deficiency 1  i—  Topography   Defic 

1    |l  | Inforr 

3  st    (r-J-i 

P3  LH  Sh"^—  Underlaying  Geologic  Material 

Depth  of  Suitable  Soil J    I Ne„  Slgnilicon,  Soii  Uve,   T„,ure 

Surloce  Soil  Tenlure ' 


Lond  Suitability  Closs 
Land  Use _ 


tion  Symbols 


— Nent  Significo 

Key   to  Laboratory  Determination 

I Electricol  conductivity 

i n^L  of  soturation  extract 

|       15  5-64-pH(CoCI2) 
^         ' pH  of   I  5 


Hydraulic  Conductivity 
fragment   Samples 


AH-15         BI,lj-63 


V'EC.    SAGEBRUSH    AND 


— -        NATIVE    GRASSES 


li'POi,.    h'     SIi.'I'E 


WEATHERED    SANDSTONE 
AND   MI'DSTONE    In   <S' 


44 

mis. 


u-i"-.  I  h 


VE'i.     S.V    ESK     ;.!i 


8  4       CREAM',.' ' 


jL^ 


'-•RUM    '  ,'I.II'VIAE    MAIL  RIAL 


B3737h 


45 

ST-|§"  VEC-  CBEASEWOOD 


552     TOP'Hi.     ?      SU'FE 


Mi'l  II  IN,.    .tS"-r,ii"    SAME 


^J-^q-    LIME   &   SLICK   SPOTS 


Sec  32,T8N,R93W 


4  th 
Section 

Totol 
Suitable 

G 

ROW 

Other 

Grand 
Totol 

1 

? 

21 

Total 

1 

2 

M 

Total 

NE 

NW 

17.2 

■    ' 

11,4 

56.2 

56.2 

57,/, 

111.6 

sw 

. 

7,1 

"'.'• 

9.6 

20 .  '1 

30.5 

SE 

TOTAL 

17.2 

25.1 

22.7 

i . ', .  s 

65.6 

78.3 

114.1 

SCALE   OF   FEET 

UNITED    STATES 
Department   of   the   Interior 
Bureau      of     Reclamation 

LAY  CREEK   SITE      EMRIA   PROJECT 
LAND    CLASSIFICATION 

Classified  hy  J.R  McCOY     pianimetered  by  JKJIBSON 

nntP  Oct       iq  78  Phnt/i    Mn  DUE-2JJ-25I 

Sec^2_T.£N_R.2L3](V. 

Soil  Lake  City,  Utah     . 
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APPENDIX  D 
SCS  SOILS  DATA 


Soil  Survey  Data 
Lay  Creek  Study  Site 


This  appendix  contains  the  data  on  the  Soil  Conservation  Service's  soil 
survey  of  the  Lay  Creek  study  site.   It  includes  a  map  showing  the  loca- 
tion of  the  different  mapping  units,  the  taxonomy  of  the  soil  series, 
description  of  the  mapping  units,  and  descriptions  of  the  soil  series 
found  at  the  study  site. 


United  States  Department  of  Agriculture 
Soil  Conservation  Service 
Denver,  Colorado 


R94  W 


T8N 


T8N 
T  7N 


1000    0 


2000 


4000 


H  H  H 


6000 

1=1 


SCALE  OF  FEET 


03B 
03S 
04A 
08B 
7C 
26D 
28D 
31  C 
31  E 
32D 
32E 
35C 
47D 
62D 
62E 
66D 
X66 
67 
69 
101 
105 
XI  I  0 
I  IOE 
I  15 
151  D 


Havre  fine  sandy  loam,  0  to  5  percent  slopes 

Havre  silt  loam,  saline,  0  to  5  percent  slopes 

Glendive  loam,  0  to  3  percent  slopes 

Brycan  loam,  0  to  6  percent  slopes 

Evanston  loam,  3  to  12  percent  slopes 

Peyton  sandy  loam,  3  to  12  percent  slopes 

Forelle  loam,  3  to  12  percent  slopes 

3usby  fine  sandy  loam,  3  to  12  percent  slopes 

Busby  fine  sandy  loam,  12  to  25  percent  slopes 

Yamac  loam,  5  to  15  percent  slopes 

Yamac  loam,  15  to  30  percent  slopes 

Tisworth  sandy  loam,  0  to  9  percent  slopes 

Unnamed  (47)  clay  loam,  3  to  15  percent  slopes 

Rock  River  sandy  loam,  3  to  12  percent  slopes 

Rock  River  sandy  loam,  12  to  25  percent  slopes 

Relsob  Loamy  sand,  3  to  5  percent  slopes 

Relsob  -  Unnamed  (X66)  sandy  loams,  3  to  15  percent  slopes 

Unnamed  sandy  loam,  10  to  20  percent  slopes 

Homelake  loam,  0  to  3  percent  slopes 

Torriorthents  -  Rock  Outcrop  complex,  very  steep 

Kemmerer  Moyerson  silty  clay  loams,  20  to  40  percent  slopes 

Kemmerer- Yamac  complex,  5  to  30  percent  slopes 

Kemmerer  silty  clay  loam,  12  to  25  percent  slopes 

Yetull  -  Unnamed  Lithic  Ustic  Torriorthent  complex,  steep 

Ryan  Park  loamy  sand,  5  to  15  percent  slopes 
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Taxonomy  of  soil  series  at  Lay  Creek  study  site 


Series 


Classification 


Brycan 
Busby 
Evans ton 
Forelle 
Glendive 

Havre 

Home lake 
Kemmerer 
Peyton 
Relsob 

Rock  River 
Ryan  Park 
Tisworth 
Yamac 
Yetull 


Fine  loamy,  mixed  Cumulic  Haploborolls 

Coarse  loamy,  mixed  Borollic  Camborthids 

Fine,  loamy,  mixed  Aridic  Argiborolls 

Fine-loamy,  mixed  Borollic  Haplargids 

Coarse-loamy,  mixed  (calcareous),  frigid  Ustic  Tor- 
rif luvents 

Fine-loamy,  mixed  (calcareous)  frigid  Ustic  Torri- 
f luvents 

Fine-loamy,  mixed  Fluvaquentic  Haploborolls 

Fine,  montmorillonitic  Borollic  Camborthids 

Fine-loamy,  mixed  Aridic  Argiborolls 

Fine-loamy  over  sandy  or  sandy  skeletal  mixed  Borol- 
lic Haplargid 

Fine-loamy,  mixed  Borollic  Haplargids 

Coarse-loamy,  mixed  Borollic  Haplargids 

Fine-loamy,  mixed  Borollic  Natrargids 

Fine-loamy,  mixed  Borollic  Camborthids 

Mixed,  frigid  Ustic  Torripsamments 
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Q3B — Havre  fine  sandy  loam,  0  to  5  percent  slopes 

This  is  a  deep,  well  drained  soil  that  occurs  throughout  the  survey 
area.   It  developed  in  stratified  alluvium  from  sandstone  and  shale  and 
is  on  flood  plains  and  terraces  at  elevations  of  5500  to  6800  feet.   The 
average  annual  precipitation  ranges  from  10  to  15  inches,  the  average  an- 
nual soil  temperature  is  42  to  47°  F. ,  and  the  frost-free  season  is  75  to 
95  days. 

Included  with  this  soil  in  mapping  are  small  areas  of  Homelake,  Glen- 
dive,  and  Havre  saline  phase  soils. 

Typically,  the  surface  layer  is  a  dark  gray  fine  sandy  loam  about  3 
inches  thick.   The  substratum  is  calcareous  and  stratified  with  colors 
of  gray,  light  brownish  gray,  and  pale  brown.   Textures  are  fine  sandy 
loam,  loam,  sandy  clay  loam,  silt  loam,  and  silty  clay  loam.   Mottling 
may  occur  below  40  inches. 

Permeability  is  moderate.   The  available  water  capacity  is  high. 
Effective  rooting  depth  is  60  inches  or  more.   Surface  runoff  is  slow, 
and  the  erosion  hazard  is  moderate  from  wind  and  low  from  water. 

Most  of  this  mapping  unit  is  used  for  nonirrigated  and  irrigated 
hay  and  pasture. 


03S — Havre  silt  loam,  saline,  0  to  5  percent  slopes 

This  is  a  deep,  well  drained  soil  that  occurs  throughout  the  sur- 
vey area.   It  developed  in  mixed  alluvium  and  is  on  flood  plains,  ter- 
races, and  stream  bottoms  at  elevations  of  5500  to  7200  feet.   The  aver- 
age annual  precipitation  ranges  from  10  to  16  inches,  the  average  annual 
soil  temperature  is  42  to  46°  F. ,  and  the  frost-free  season  is  75  to  105 
days. 

Included  with  this  soil  in  mapping  are  a  few  small  areas  that  have 
less  than  18  percent  clay  in  the  control  section,  dark  surface  layer,  or 
areas  that  have  water  tables  at  less  than  60  inches  below  the  surface. 

Typically,  the  surface  layer  is  a  light  brownish  gray  silt  loam 
about  4  inches  thick.   The  substratum  is  a  highly  stratified  deposit 
ranging  in  texture  from  very  fine  sandy  loam  to  silty  clay  loam  and  in 
color  from  dark  grayish  brown  to  pale  yellow.   Salt  accumulations  and  a 
highly  alkaline  condition  occur  in  the  substratum  starting  at  8  to  20 
inches.   Some  salt  crusts  occur  on  the  surface  especially  in  irrigated 
areas. 

Permeability  is  slow.   The  available  water  capacity  is  high.   Effec- 
tive rooting  depth  is  60  inches  or  more.   Surface  runoff  is  slow  and  the 
erosion  hazard  is  medium  from  wind  and  slight  from  water. 
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04A — Glendive  loam,  0  to  3  percent  slopes 

This  is  a  deep,  well  and  moderately  well  drained  soil  that  occurs 
throughout  the  survey  area.   It  developed  in  stratified  mixed  alluvium 
and  is  on  flood  plains  and  terraces  of  streams  at  elevations  of  5500  to 
6800  feet.   The  average  annual  precipitation  ranges  from  10  to  15  inches, 
the  average  annual  soil  temperature  is  42  to  47°  F.,  and  the  frost-free 
season  is  75  to  95  days. 

Included  with  this  soil  in  mapping  are  small  areas  of  Havre,  Havre 
saline,  and  Homelake  soils. 

Typically,  the  surface  layer  is  a  grayish  brown  fine  sandy  loam 
about  9  inches  thick.   The  substratum  is  calcareous  stratified  materials 
having  colors  of  light  brown  gray,  gray  brown,  and  brown  having  textures 
of  fine  sandy  loam  and  loamy  sand.   Mottling  may  occur  in  some  layers. 

Permeability  is  moderately  rapid.  The  available  water  capacity  is 
high.  Effective  rooting  depth  is  60  inches  or  more.  Surface  runoff  is 
slow  and  the  erosion  hazard  is  moderate  from  wind  and  low  from  water. 

Most  of  this  unit  is  used  for  nonirrigated  and  irrigated  hay  and 
pasture . 

08B — Brycan  loam,  0  to  6  percent  slopes 

This  is  a  deep,  well  drained  soil  on  nearly  level  to  moderately 
sloping  valley  bottoms  and  stream  terraces  at  elevations  of  5800  to  7200 
feet.   It  formed  in  stratified  mixed  alluvium.   The  average  annual  pre- 
cipitation is  about  12  to  14  inches,  the  average  annual  air  temperature 
is  about  40  to  45°  F.,  and  the  frost-free  season  is  80  to  100  days. 

Included  in  this  unit  are  small  areas  of  Havre,  Havre  saline  phase, 
and  Glendive  soils. 

Typically,  the  surface  layer  is  dark  grayish  brown  loam  and  sandy 
clay  loam  about  16  inches  thick.   The  underlying  material  is  grayish 
brown  and  dark  grayish  brown  sandy  clay  loam  extending  to  41  inches  over 
light  olive  brown  sandy  loam  and  loamy  sand  extending  to  60  inches  or 
more . 

Permeability  is  moderate.   Available  water  capacity  is  moderate. 
Effective  rooting  depth  is  60  inches  or  more.   Surface  runoff  is  slow, 
and  erosion  hazard  is  moderate  from  wind  and  water. 

Most  of  this  unit  is  used  for  dryland  hay  or  pasture.   Some  areas 
are  used  for  livestock  grazing  and  wildlife  habitat. 

7C — Evanston  loam,  3  to  12  percent  slopes 

This  is  a  deep,  well  drained  soil  that  occurs  throughout  the  survey 
area.   It  developed  in  loess  and  is  on  gently  to  moderately  sloping 
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terraces  at  elevations  of  6200  to  6500  feet.   The  average  annual  precipi- 
tation ranges  from  12  to  15  inches,  the  average  annual  soil  temperature 
is  40  to  45°  F. ,  and  the  frost-free  season  is  75  to  95  days. 

Typically,  the  surface  layer  is  a  grayish  hrown  loam  about  8  inches 
thick.   The  subsoil  is  a  dark  brown  clay  loam  about  12  inches  thick. 
The  upper  substratum  is  a  calcareous  light  brownish  gray  clay  loam  about 
20  inches  thick.   The  lower  substratum  is  a  calcareous  light  brownish 
gray  loam  to  60  inches  or  more. 

Permeability  is  slow.   The  available  water  capacity  is  high.   Effec- 
tive rooting  depth  is  60  inches  or  more.   Surface  runoff  is  medium  and 
the  erosion  hazard  is  moderate  from  wind  and  water. 

Most  of  this  mapping  unit  is  cultivated  and  used  for  nonirrigated 
small  grains. 

26D — Peyton  sandy  loam,  3  to  12  percent  slopes 

This  is  a  deep,  well  drained  soil  that  occurs  in  the  north  central 
and  central  parts  of  the  survey  area.   It  developed  in  Arkosic  sands 
and  is  on  valley  benches  at  elevations  of  6500  to  7700  feet.   The  aver- 
age annual  precipitation  ranges  from  13  to  15  inches,  the  average  annual 
soil  temperature  is  40  to  47°  F. ,  and  the  frost-free  season  is  75  to  95 
days  . 

Included  with  this  soil  in  mapping  are  a  few  small  areas  that  have 
shale  lenses  at  depths  of  about  30  inches  or  deeper,  thick  dark  colored 
surface  horizons,  and  small  areas  of  Cruckton  soils. 

Typically,  the  surface  layer  is  a  dark  grayish  brown  sandy  loam 
about  8  inches  thick.   The  subsoil  is  a  yellowish  brown  coarse  sandy  clay 
loam  about  10  inches  thick.   The  upper  substratum  is  a  yellow  coarse 
sandy  loam  about  24  inches  thick.   The  lower  substratum  is  a  yellow  loamy 
coarse  sand  to  a  depth  of  about  60  inches. 

Permeability  is  moderately  rapid.   The  available  water  capacity  is 
medium.   Effective  rooting  depth  is  60  inches  or  more.   Surface  runoff 
is  medium  and  the  erosion  hazard  is  high  from  wind  and  moderate  from 
water. 

Most  of  this  mapping  unit  is  native  range  and  used  for  grazing. 

28D — Forelle  loam,  3  to  12  percent  slopes 

This  is  a  deep,  well  drained  soil  that  occurs  throughout  the  survey 
area.   It  developed  in  mixed  aeolian  materials  and  is  on  gently  to  mod- 
erately sloping  terraces  at  elevations  of  6200  to  7000  feet.   The  average 
annual  precipitation  ranges  from  12  to  15  inches,  the  average  annual  soil 
temperature  is  42  to  47°  F. ,  and  the  frost-free  season  is  75  to  95  days. 
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Included  with  this  soil  in  mapping  are  a  few  small  areas  of  Yamac 
and  Pinelli  soils. 

Typically,  the  surface  layer  is  a  grayish  brown  loam  about  5  inches 

thick.   The  subsoil  is  a  light  brownish  gray  clay  loam  about  16  inches 

thick.   The  substratum  is  a  light  grayish  brown  loam  to  a  depth  of  about 
60  inches. 

Permeability  is  slow.   The  available  water  capacity  is  high.   Effec- 
tive rooting  depth  is  60  inches  or  more.   Surface  runoff  is  medium  and 
the  erosion  hazard  is  moderate  from  wind  and  water. 

Most  of  this  mapping  unit  is  cultivated  and  used  for  nonirrigated 
small  grains. 

31C — Busby  fine  sandy  loam,  3  to  12  percent  slopes 

This  is  a  deep,  well  drained  soil  that  occurs  in  the  east  part  of 
the  survey  area.   It  developed  in  shale  derived  alluvium  and  is  on  ter- 
races and  sideslopes  at  elevations  of  6200  to  7000  feet.   The  average 
annual  precipitation  ranges  from  12  to  15  inches,  the  average  annual 
soil  temperature  is  42  to  47°  F.,  and  the  frost-free  season  is  75  to  95 
days . 

Typically,  the  surface  layer  is  a  pale  brown  fine  sandy  loam  about 
2  inches  thick.   The  upper  subsoil  is  a  pale  brown  fine  sandy  loam  about 
4  inches  thick.   The  lower  subsoil  is  a  brown  very  fine  sandy  loam  about 
6  inches  thick.   The  substratum  is  a  pale  brown  fine  sandy  loam. 

Permeability  is  moderate.   The  available  water  capacity  is  high. 
Effective  rooting  depth  is  60  inches  or  more.   Surface  runoff  is  slow, 
and  the  erosion  hazard  is  moderate  to  high  from  wind  and  moderate  from 
water. 

Most  of  this  mapping  unit  is  native  range  and  used  for  grazing. 

31E — Busby  fine  sandy  loam,  12  to  25  percent  slopes 

This  is  a  deep,  well  drained  soil  that  occurs  in  the  southern  part 
of  the  survey  area.   It  developed  in  shale-derived  alluvium  and  is  on 
terraces  and  sideslopes  at  elevations  of  6200  to  7000  feet.   The  average 
annual  precipitation  ranges  from  12  to  15  inches,  the  average  soil  tem- 
perature is  42  to  47°  F.,  and  the  frost-free  season  is  75  to  95  days. 

Typically,  the  surface  layer  is  a  pale  brown  fine  sandy  loam  about 
2  inches  thick.   The  upper  subsoil  is  a  pale  brown  fine  sandy  loam  about 
4  inches  thick.   The  lower  subsoil  is  a  brown  very  fine  sandy  loam  about 
6  inches  thick.   The  substratum  is  a  pale  brown  fine  sandy  loam  to  a 
depth  of  60  inches. 

Permeability  is  moderate.   The  available  water  capacity  is  high. 
Effective  rooting  depth  is  60  inches  or  more.   Surface  runoff  is  medium 
and  the  erosion  hazard  is  high  from  wind  and  moderate  from  water. 
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Most  of  this  mapping  unit  is  native  range  and  used  for  grazing. 
32D — Yamac  loam,  5  to  15  percent  slopes 

This  is  a  deep,  well  drained  soil  that  occurs  in  the  eastern  and 
central  part  of  the  survey  area.   It  developed  in  weathered  sandstone, 
siltstone,  and  windlain  materials,  and  is  on  upland  ridges  and  benches 
at  elevations  of  6200  to  7000  feet.   The  average  annual  precipitation 
ranges  from  12  to  14  inches,  the  average  annual  soil  temperature  is  42 
to  47°  F.,  and  the  frost-free  season  is  75  to  95  days. 

Included  with  this  soil  in  mapping  are  a  few  small  areas  of  Forelle 
soils. 

Typically,  the  surface  layer  is  a  pale  brown  loam  about  5  inches 
thick.   The  subsoil  is  a  pale  brown  loam  about  10  inches  thick.   The 
substratum  is  a  pale  brown  to  a  very  pale  brown  loam  to  a  depth  of  about 
60  inches. 

Permeability  is  moderate.   The  available  water  capacity  is  high. 
Effective  rooting  depth  is  60  inches  or  more.   Surface  runoff  is  medium 
and  the  erosion  hazard  is  medium  from  wind  and  water. 

Most  of  this  mapping  unit  is  native  range  and  used  for  grazing. 

32E — Yamac  loam,  15  to  30  percent  slopes 

This  is  a  deep,  well  drained  soil  that  occurs  in  the  eastern  and 
central  part  of  the  survey  area.   It  developed  in  weathered  sandstone, 
siltstone,  and  windlain  materials  and  is  on  upland  sideslope  and  toe- 
slope  positions  at  elevations  of  6200  to  7000  feet.   The  average  annual 
precipitation  ranges  from  12  to  14  inches,  the  average  annual  soil  temp- 
erature is  42  to  46°  F. ,  and  the  frost-free  season  is  75  to  95  days. 

Included  with  this  soil  in  mapping  are  a  few  small  areas  that  are 
20  to  40  inches  over  sandstone  and  small  areas  of  rock  outcrop  and  some- 
what lesser  developed  soils. 

Typically,  the  surface  layer  is  a  pale  brown  loam  about  5  inches 
thick.   The  subsoil  is  a  pale  brown  loam  about  10  inches  thick.   The  sub- 
stratum is  a  pale  brown  to  a  very  pale  brown  loam  to  more  than  60  inches. 

Permeability  is  moderate.   The  available  water  capacity  is  high.   Ef- 
fective rooting  depth  is  60  inches  or  more.   Surface  runoff  is  medium  and 
the  erosion  hazard  is  moderate  from  wind  and  water. 

Most  of  this  mapping  unit  is  native  range  and  used  for  grazing. 

35C — Tisworth  fine  sandy  loam,  0  to  9  percent  slopes 

This  is  a  deep,  well  drained  soil  that  occurs  in  the  eastern  and 
central  parts  of  the  survey  area.   It  developed  in  alluvium  or  shale 
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residuum  and  is  on  upland  benches,  toeslopes,  and  stream  terraces  at  ele- 
vations of  5800  to  7000  feet.   The  average  annual  precipitation  ranges 
from  12  to  16  inches,  the  average  annual  soil  temperature  is  42  to  47°  F. , 
and  the  frost-free  season  is  75  to  95  days. 

Included  with  this  soil  in  mapping  are  a  few  small  areas  of  Yamac 
and  Ryan  Park  soils,  and  some  small  areas  of  soils  shallow  or  moderately 
deep  to  shale. 

Typically,  the  surface  layer  is  a  pale  brown  fine  sandy  loam  about 
3  inches  thick.   The  subsoil  is  light  yellowish  brown  light  clay  loam 
about  10  inches  thick.   The  substratum  is  calcareous  pale  brown  light 
clay  loam  extending  to  greater  than  60  inches  with  scattered  fine  gypsum 
crystals . 

Permeability  is  moderately  slow.   The  available  water  capacity  is 
high.   Effective  rooting  depth  is  60  inches  or  more.   Surface  runoff 
is  medium  and  the  erosion  hazard  is  moderate  from  wind  and  high  from 
water. 

Most  of  this  mapping  unit  is  native  range  and  used  for  grazing. 

47D — Unnamed  clay  loam,  3  to  15  percent  slopes 

This  is  a  deep,  well  drained  soil  on  gently  sloping  to  strongly 
sloping  toeslopes  and  sideslopes  of  ridges  at  elevations  of  6200  to 
7400  feet.   It  formed  in  material  weathered  from  shale.   The  average  an- 
nual precipitation  is  about  12  to  14  inches,  the  average  annual  air  tem- 
perature is  about  40  to  45°  F.,  and  the  frost-free  season  is  about  80  to 
100  days. 

Included  in  this  unit  are  small  areas  of  Tisworth,  Yamac,  and  Kem- 
merer  soils. 

Typically,  the  surface  layer  is  brown  clay  loam  about  4  inches  thick. 
The  subsoil  is  yellowish  brown  and  pale  brown  clay  about  17  inches  thick. 
The  substratum  is  light  brownish  gray  sandy  clay  loam  extending  to  60 
inches  or  more. 

Permeability  is  very  slow.   Available  water  capacity  is  moderate. 
Effective  rooting  depth  is  60  inches  or  more.   Surface  runoff  is  medium, 
and  erosion  hazard  is  low  from  wind  and  moderate  from  water. 

Most  of  this  unit  is  used  for  livestock  grazing  and  wildlife  habi- 
tat. 

62D — Rock  River  loam,  3  to  12  percent  slopes 

This  is  a  deep,  well  drained  soil  that  occurs  throughout  the  survey 
area.   It  developed  in  sandy  outwash  and  alluvium  and  is  on  valley  side- 
slopes  and  benches  at  elevations  of  6200  to  7200  feet.   The  average  an- 
nual precipitation  ranges  from  12  to  15  inches,  the  average  annual  soil 
temperature  is  42  to  47°  F.,  and  the  frost-free  season  is  75  to  95  days. 
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Included  with  this  soil  in  mapping  are  a  few  small  areas  of  Forelle 
and  Peyton  soils. 

Typically,  the  surface  layer  is  a  yellowish  brown  fine  sandy  loam 
about  2  inches  thick.   The  upper  subsoil  is  a  brown  fine  sandy  clay  loam 
about  3  inches  thick.   The  lower  subsoil  is  a  dark  brown  fine  sandy  clay 
loam  about  5  inches  thick.   The  upper  substratum  is  a  brown  calcareous 
fine  sandy  loam  about  14  inches  thick.   The  lower  substratum  is  a  light 
brown  calcareous  sandy  loam  to  a  depth  of  60  inches  or  more. 

Permeability  is  moderate.  The  available  water  capacity  is  medium. 
Effective  rooting  depth  is  60  inches  or  more.  Surface  runoff  is  medium 
and  the  erosion  hazard  is  moderate  from  wind  and  water. 

Most  of  this  mapping  unit  is  native  range  and  used  for  grazing. 

62E — Rock  River  loam,  12  to  25  percent  slopes 

This  is  a  deep,  well  drained  soil  that  occurs  throughout  the  survey 
area.   It  developed  in  sandy  outwash  and  alluvium  and  is  on  valley  side- 
slopes  at  elevations  of  6200  to  7300  feet.   The  average  annual  precipita- 
tion ranges  from  12  to  15  inches,  the  average  annual  soil  temperature  is 
42  to  47°  F. ,  and  the  frost-free  season  is  75  to  95  days. 

Included  with  this  soil  in  mapping  are  a  few  small  areas  of  Forelle 
and  Peyton  soils. 

Typically,  the  surface  layer  is  a  yellowish  brown  fine  sandy  loam 
about  2  inches  thick.   The  upper  subsoil  is  a  brown  fine  sandy  clay  loam 
about  3  inches  thick.   The  lower  subsoil  is  a  dark  brown  fine  sandy  clay 
loam  about  5  inches  thick.   The  upper  substratum  is  a  brown  calcareous 
fine  sandy  loam  about  14  inches  thick.   The  lower  substratum  is  a  light 
brown  calcareous  sandy  loam  to  a  depth  of  60  inches  or  more. 

Permeability  is  moderate.   The  available  water  capacity  is  medium. 
Effective  rooting  depth  is  60  inches  or  more.   Surface  runoff  is  rapid 
and  the  erosion  hazard  is  moderate  from  wind  and  high  from  water. 

Most  of  this  mapping  unit  is  native  range  and  used  for  grazing. 

66D — Relsob  loamy  sand,  3  to  15  percent  slopes 

This  is  a  deep,  well  drained  soil  on  gently  sloping  to  strongly  slop- 
ing hillsides,  at  elevations  of  6200  to  7400  feet.   It  formed  in  mixed 
residuum  from  sandstone.   The  average  annual  precipitation  is  about  12 
to  14  inches,  the  average  annual  air  temperature  is  about  40  to  46°  F., 
and  the  frost-free  season  is  about  80  to  100  days. 

Included  with  this  soil  in  mapping  are  a  few  small  areas  of  Unnamed 
(67)  soils,  Rock  River  soils,  and  Cushool  soils. 
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Typically,  the  surface  layer  is  dark  brown  loamy  sand  about  3  inches 
thick.   The  subsoil  is  yellowish  brown  sandy  clay  loam  about  36  inches 
thick.   The  substratum  is  yellow  sand  to  60  inches  or  more. 

The  permeability  is  moderate.   The  available  water  capacity  is  low. 
Effective  rooting  depth  is  60  inches  or  more.   Surface  runoff  is  slow 
and  erosion  hazard  is  moderate  from  wind  and  slight  from  water. 

All  of  this  unit  is  used  for  livestock  grazing  and  wildlife  habitat. 

X66 — Relsob — Unnamed  sandy  loams,  3  to  15  percent  slopes 

These  deep,  well  drained  soils  are  on  gently  to  strongly  sloping  up- 
land hills  and  ridges  at  elevations  of  6800  to  7400  feet.  They  formed 
in  residuum  from  sandstone  and  shale.  Average  annual  precipitation  is 
about  12  to  14  inches,  the  average  annual  air  temperature  is  about  40  to 
45°  F. ,  and  the  frost-free  season  is  75  to  95  days.  Relsob  soils  make 
up  45  percent  and  Unnamed  (X66)  soils  make  up  25  percent  of  this  unit. 
Small  areas  of  Cushool,  Unnamed  (67),  and  Rock  River  soils  make  up  the 
remaining  30  percent. 

Typically,  the  Relsob  soil  has  a  surface  layer  that  is  brown  sandy 
loam  about  8  inches  thick.   The  subsoil  is  yellowish  brown  sandy  clay 
loam  about  31  inches  thick.   The  substratum  is  yellow  sand  to  60  inches 
or  more. 

Permeability  of  the  Relsob  soil  is  moderate.   Effective  rooting 
depth  is  60  inches  or  more.   Available  water  capacity  is  low.   Surface 
runoff  is  slow  and  erosion  hazard  is  slight  from  water  and  moderate 
from  wind . 

Typically,  the  Unnamed  soil  has  a  surface  layer  that  is  brown  sandy 
loam  about  6  inches  thick.   The  subsoil  is  light  brown  sandy  clay  loam 
about  18  inches  thick.   The  substratum  is  brown  silty  clay  loam  to  60 
incnes  or  more. 

Peimeability  of  the  Unnamed  soil  is  very  slow.   Effective  rooting 
depth  is  60  inches  or  more.   Available  water  capacity  is  high.   Surface 
runoff  is  slow  and  erosion  hazard  is  slight  from  water  and  moderate  from 
wind. 

Most  of  this  unit  is  native  rangeland  and  used  for  livestock  grazing 
and  wildlife  habitat. 

67 — Unnamed  sandy  loam,  10  to  20  percent  slopes 

This  is  a  deep,  excessively  drained  soil  on  strongly  sloping  to  mod- 
erately steep  slopes  at  elevations  of  6200  to  7400  feet.   It  formed  in 
material  weathered  from  sandstone.   The  average  annual  precipitation  is 
about  12  to  15  inches,  the  average  annual  air  temperature  is  about  40  to 
45°  F. ,  and  the  frost-free  season  is  about  80  to  100  days. 


151 


APPENDIX  D  SCS  SOILS  DATA 


Included  in  this  unit  are  Relsob,  Unnamed  (X66) ,  and  Cushool  soils. 
There  are  also  areas  of  soil  with  a  6  inch  sandy  clay  loam  subsoil  devel- 
oped over  the  C  horizons. 

Typically,  the  surface  layer  is  dark  yellowish  brown  sandy  loam 
about  3  inches  thick.   The  underlying  material  is  brownish  yellow  to  yel- 
low sand  extending  to  60  inches  or  more. 

Permeability  is  moderately  rapid.   Available  water  capacity  is  low. 
Effective  rooting  depth  is  60  inches  or  more.   Surface  runoff  is  slow 
and  erosion  hazard  is  high  from  wind  and  moderate  from  water. 

Most  of  this  mapping  unit  is  used  for  livestock  grazing  and  wild- 
life habitat. 

69--Homelake  loam,  0  to  3  percent  slopes 

This  is  a  deep,  somewhat  poorly  drained  soil  that  occurs  inexten- 
sively  throughout  the  survey  area.   It  developed  in  alluvium  and  is  on 
floodplains  of  rivers  and  streams  at  elevations  of  6000  to  7000  feet. 
The  average  annual  precipitation  ranges  from  12  to  15  inches,  the  aver- 
age annual  soil  temperature  is  42  to  47°  F. ,  and  the  frost-free  season 
is  75  to  95  days. 

Typically,  the  surface  layer  is  a  dark  grayish  brown  loam  about  10 
inches  thick.   The  upper  substratum  is  dark  gray  loam  about  10  inches 
thick. 

The  middle  substratum  is  gray  very  fine  sandy  loam  about  5  inches 
thick.   The  lower  substratum  is  gray  silty  clay  loam  to  an  undetermined 
depth.   The  water  table  is  at  depths  below  25  inches. 

Permeability  is  slow.   The  available  water  capacity  is  high.   Effec- 
tive rooting  depth  is  25  inches.   Surface  runoff  is  very  slow  and  the 
erosion  hazard  is  low  from  wind  and  low  from  water. 

Most  of  this  mapping  unit  is  used  for  hay  and  pasture. 

101 — Torriorthents — Rock  Outcrop,  complex 

This  strongly  sloping  to  very  steep  complex  is  on  terrace  and  es- 
carpment faces  and  valley  sideslopes  throughout  the  survey  area  at  ele- 
vations of  6100  to  8500  feet.   The  average  annual  precipitation  ranges 
from  8  to  16  inches,  the  average  annual  soil  temperature  is  42  to  47° 
F. ,  and  the  frost-free  season  is  75  to  95  days.   The  Torriorthents  make 
up  about  50  percent  of  this  complex  and  occupy  small  colluvial  fans, 
toeslopes,  and  areas  of  weathered  shale.   The  Rock  Outcrop  part  makes  up 
about  40  percent  of  this  complex  and  occupies  vertical  ledges,  ridgetops, 
and  steeper  sideslopes.   Included  with  this  complex  in  mapping  are  a  few 
small  areas  of  exposed  shale  ledges,  with  Rock  River  and  Yamac  soils  in 
toeslope  positions  which  make  up  the  other  10  percent. 
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The  Torriorthents  part  consists  of  shallow  to  moderately  deep,  coarse 
to  medium  textured,  stony  and  cobbly,  well  drained  soils  over  sandstone 
and  shale  at  depths  of  10  to  40  inches.   These  soils  have  light  colored 
surface  and  substratum  layers,  and  moderate  to  rapid  permeability,  low 
available  water  capacity,  a  moderate  wind  erosion  hazard,  and  a  high  water 
erosion  hazard. 

The  Rock  Outcrop  part  is  predominantly  sandstone  in  long  narrow  bands 
with  colluvial  stones,  cobbles  and  boulders  at  the  base. 

Most  of  this  complex  is  in  native  range  and  has  limited  use  for  graz- 
ing. 

105 — Kemmerer — Moyerson  silty  clay  loams,  20  to  40  percent  slopes 

These  moderately  steep  and  steep  soils  are  on  foothill  ridge  crests 
and  sideslopes  at  elevations  of  6000  to  6500  feet.  The  average  annual 
precipitation  is  about  12  to  15  inches,  the  average  annual  air  tempera- 
ture is  about  45°  F.   Kemmerer  soil  makes  up  about  45  percent  of  the 
mapping  unit  and  Moyerson  soil  about  40  percent.   Small  areas  of  a  soil 
similar  to  Kemmerer  soil  but  not  as  deep,  and  Pinelli  soils  make  up  the 
other  15  percent. 

Kemmerer  soil  is  a  moderately  deep,  well  drained  soil.   It  formed 
in  weathered  residuum  from  Mancos  shale. 

Typically,  the  surface  layer  is  a  light  brownish  gray  silty  clay 
loam  about  3  inches  thick.   The  subsoil  is  a  light  brownish  gray  silty 
clay  about  15  inches  thick.   The  substratum  is  a  light  brownish  gray 
silty  clay  and  overlies  soft  Mancos  shale  at  a  depth  of  28  inches. 

Permeability  is  slow  and  available  water  capacity  is  low.   Surface 
runoff  is  rapid  and  erosion  hazard  is  moderate. 

Moyerson  soil  is  a  shallow,  well  drained  soil.   It  formed  in  resid- 
uum in  Mancos  shale. 

Typically,  the  surface  layer  is  a  light  gray  silty  clay  loam  about 
1  inch  thick.   The  underlying  material  is  a  light  brownish  gray  gravelly 
silty  clay  loam  and  overlies  soft  Mancos  shale  at  a  depth  of  17  inches. 

Permeability  is  slow  and  available  water  capacity  is  low.   Surface 
runoff  is  rapid  and  erosion  hazard  is  high. 

Most  of  this  unit  is  native  range  and  used  for  grazing. 

X110 — Kemmerer- -Yamac  complex,  5  to  30  percent  slopes 

These  moderately  deep  and  deep,  well  drained  soils  are  on  upland 
shale  ridges  with  areas  of  windlain  deposits  or  sandstone  remnants  in 
the  eastern  part  of  the  survey  area  at  elevations  of  6100  to  7200  feet. 
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The  average  annual  precipitation  ranges  from  12  to  15  inches,  the  average 
annual  soil  temperature  is  42  to  47°  F.,  and  the  frost-free  season  is  75 
to  95  days.   The  Kemmerer  soil  makes  up  about  60  percent  of  this  complex 
and  occupies  ridgetops  and  sideslopes  of  ridges.   The  Yamac  soil  makes  up 
about  20  percent  of  this  complex  and  occupies  ridgetop  and  toeslope  posi- 
tions.  Included  with  this  complex  in  mapping  are  a  few  small  areas  of 
Pinelli  loam,  Forelle  loam,  and  shallow  shale  soils.   Some  small  areas 
have  sandstone  outcrops,  surface  gravel,  cobblestones,  or  boulders. 

The  Kemmerer  soil  is  a  moderately  deep,  well  drained  soil  formed  in 
shale  residuum  with  shale  at  a  depth  of  20  to  35  inches. 

Typically,  the  surface  layer  is  light  brownish  gray  silty  clay  loam 
about  3  inches  thick.   The  subsoil  is  calcareous,  light  brownish  gray 
clay  about  12  inches  thick.   The  substratum  is  light  brownish  gray  silty 
clay  loam  about  3  inches  thick  that  has  visible  gypsum  seams  and  is  over 
soft  weathered  shale  at  about  24  inches. 

The  Kemmerer  soil  has  slow  permeability  and  the  available  water  ca- 
pacity is  low.   The  effective  rooting  depth  is  about  24  inches.   Surface 
runoff  is  high  and  erosion  hazard  is  slight  from  wind  and  moderate  from 
water. 

The  Yamac  soil  is  a  deep,  well  drained  soil  forming  in  loess  and 
sandstone  residuum  at  a  depth  of  20  to  60  inches. 

Typically,  the  surface  layer  is  pale  brown  loam  about  5  inches 
thick.   The  subsoil  is  a  pale  brown  loam  about  10  inches  thick.   The 
substratum  is  calcareous,  very  pale  brown  loam,  or  light  clay  loam. 

The  Yamac  soil  has  moderate  permeability  and  the  available  water 
capacity  is  high.   The  effective  rooting  depth  is  60  inches  or  more. 
Surface  runoff  is  moderately  low  and  erosion  hazard  is  slight  from 
wind  and  moderate  from  water. 

Most  of  this  complex  is  native  range  and  used  for  grazing. 

110E — Kemmerer  silty  clay  loam,  12  to  25  percent  slopes 

This  is  a  moderately  deep,  well  drained  soil  that  occurs  in  the 
southeast  part  of  the  survey  area.   It  developed  in  shale  and  is  on  up- 
land benches,  ridges,  and  sideslopes  at  elevations  of  6200  to  7000  feet. 
The  average  annual  precipitation  ranges  from  12  to  15  inches,  the  aver- 
age annual  soil  temperature  is  42  to  45°  F. ,  and  the  frost-free  season 
is  75  to  95  days. 

Included  with  this  soil  in  mapping  are  a  few  small  areas  that  have 
shale  outcrops  and  surface  pavement  of  shale  chips  and  small  areas  of 
Moyerson  and  Yamac  soils. 

Typically,  the  surface  layer  is  a  light  brownish  gray  silty  clay 
loam  about  3  inches  thick.   The  subsoil  is  light  brownish  gray  clay 
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about  12  inches  thick;  it  is  calcareous.   The  substratum  is  light  brown- 
ish gray  silty  clay  loam  about  8  inches  thick  that  contains  visible 
amounts  of  gypsum  in  seams  and  is  over  soft  weathered  shale  at  about  24 
inches. 

Permeability  is  very  slow.   The  available  water  capacity  is  low. 
Effective  rooting  depth  is  about  24  inches.   Surface  runoff  is  high  and 
the  erosion  hazard  is  slight  from  wind  and  moderate  from  water. 

Most  of  this  mapping  unit  is  native  range  and  used  for  grazing. 

115 — Yetull — Lithic  Torriorthents ,  20  to  50  percent  slopes 

These  moderately  steep  and  steep  soils  are  on  foothill  sideslopes 
and  ridge  crests  at  elevations  of  6500  to  7000  feet.   The  average  annual 
precipitation  is  about  12  to  14  inches,  the  average  annual  air  tempera- 
ture is  about  44°  F.   The  Yetull  soil  makes  up  about  45  percent  of  the 
mapping  unit  and  the  Lithic  Torriorthents  part  makes  up  about  40  percent 
of  the  unit.   About  15  percent  of  the  unit  is  inclusions  consisting  of 
deep,  sandy  skeletal  soils  on  sideslopes,  and  steep  Yamac  soils  on  lee- 
ward sideslopes  below  loess  caps. 

Yetull  soil  is  a  deep,  excessively  drained  soil  on  toeslopes  and 
sideslopes.   It  formed  in  weathered  residuum  from  Brown's  Park  sandstone. 

Typically,  the  surface  layer  is  a  light  olive  brown  loamy  sand  about 
3  inches  thick.   The  lower  part  of  the  surface  layer  is  a  light  olive 
brown  loamy  sand  about  12  inches  thick.   The  upper  part  of  the  underlying 
material  is  a  light  yellowish  brown  loamy  sand  about  25  inches  thick. 
The  lower  part  of  the  underlying  material  is  a  pale  yellow  sand  about  7 
inches  thick.   Hard  Brown's  Park  sandstone  is  at  48  inches.   The  soil  is 
calcareous  throughout.   In  some  pedons  the  sandstone  is  absent. 

Permeability  is  rapid  and  the  available  water  capacity  is  low.   Sur- 
face runoff  is  medium  and  the  erosion  hazard  is  high  from  wind  and  low 
from  water. 

The  Lithic  Torriorthents  part  consists  of  shallow,  excessively 
drained  soils  on  ridge  crests  and  upper  sideslopes.   They  formed  in  re- 
siduum weathered  from  Brown's  Park  sandstone. 

Typically,  the  surface  layer  is  a  light  gray  gravelly  loamy  sand 
about  2  inches  thick.   The  underlying  material  is  a  light  gray  very  grav- 
elly loamy  sand  about  12  inches  thick.   Fractured  Brown's  Park  sandstone 
is  at  depths  of  about  15  inches.   The  soil  is  calcareous  throughout. 

Permeability  is  rapid  and  available  water  capacity  is  low.   Surface 
runoff  is  medium  and  the  erosion  hazard  is  high  from  wind  and  low  from 
water. 

Native  vegetation  consists  of  Indian  rice  grass,  needleandthread, 
bluebunch  wheatgrass,  sand  dropseed ,  Sandberg  bluegrass,  smooth  horsebrush 
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big  sage,  and  antelope  bitterbrush  with  occasional  juniper,  serviceberry , 
and  low  rabbitbrush. 

151 — Ryan  Park  loamy  sand,  5  to  15  percent  slopes 

This  is  a  deep,  somewhat  excessively  drained  soil  that  formed  in  ma- 
terial weathered  from  sandstone.   It  occupies  alluvial  fans  and  hills  at 
elevations  of  6600  to  7400  feet.   The  average  annual  precipitation  is  12 
to  15  inches,  the  average  annual  soil  temperature  is  45  to  47°  F. ,  and 
the  frost-free  season  is  75  to  95  days. 

Included  in  this  unit  are  a  few  small  areas  of  Cruckton,  Busby,  and 
Rock  River  soils.   Also  included  are  a  few  small  areas  of  Ryan  Park  soils 
which  lack  the  surface  layer  due  to  erosion. 

Typically,  the  surface  layer  is  a  yellowish  brown  loamy  sand  about 
5  inches  thick.   The  subsoil  is  a  yellowish  brown  sandy  loam  about  25 
inches  thick.   The  substratum  is  a  very  pale  brown  sandy  loam  to  39 
inches  over  a  very  pale  brown  sand  to  60  inches  or  more.   This  soil  is 
calcareous  below  about  23  inches. 

Permeability  is  moderately  rapid  and  available  water  holding  capac- 
ity is  low.   Surface  runoff  is  slow  and  erosion  hazard  is  moderate  from 
wind  and  slight  from  water. 

Most  of  this  soil  is  native  range  and  used  by  cattle  and  sheep. 

This  soil  is  suited  to  all  adapted  nonirrigated  crops.   Yields  are 
severely  limited  by  the  growing  season,  wind  erosion  hazard,  and  the 
droughtiness  of  the  soil. 

Seepage  and  wind  erosion  hazard  are  the  feature  of  this  soil  most 
limiting  to  community  development. 

Havre  Series  (Ustic  Torrif luvent ,  fine  loamy  mixed) 

The  Havre  series  consists  of  deep,  well  drained  soils  that  formed 
in  stratified  alluvium  from  sandstone  and  shale.   Havre  soils  are  on 
flood  plains  and  terraces  and  have  slopes  of  0  to  3  percent.   The  mean 
annual  precipitation  ranges  from  10  to  15  inches  and  the  mean  annual 
soil  temperature  is  42  to  47°  F. 

Havre  soils  are  similar  to  Glendive  soils.   Glendive  soils  have  less 
than  18  percent  clay  in  the  control  section. 

Typical  pedon  of  Havre  fine  sandy  loam,  0  to  3  percent  slopes,  is 
located  1000  feet  north  of  the  center  of  sec.  30,  T.  5  N. ,  R.  92  W: 

Al — 0  to  3  inches;  dark  gray  (10YR  4/1)  fine,  sandy  loam,  very  dark 
grayish  brown  (10YR  3/2)  moist;  moderate  medium  granular  structure; 
slightly  hard,  very  friable,  slightly  sticky  and  slightly  plastic;  cal- 
careous; mildly  alkaline  (pH  7.8);  clear  wavy  boundary  (3  to  7  inches 
thick) . 
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CI — 3  to  18  inches;  light  brownish  gray  (10YR  6/2)  fine  sandy  loam, 
dark  brown  (10YR  3/3)  moist;  weak  medium  subangular  blocky  structure  part- 
ing to  moderate  fine  platy  structure;  slightly  hard,  very  friable,  slightly 
sticky  and  slightly  plastic;  calcareous;  moderately  alkaline  (pH  8.0); 
clear  wavy  boundary  (4  to  20  inches  thick) . 

C2 — 18  to  29  inches;  pale  brown  (10YR  6/3)  loam,  dark  grayish  brown 
(10YR  4/2)  moist;  weak  medium  subangular  blocky  parting  to  moderate  fine 
platy  structure;  hard,  friable,  slightly  sticky  and  slightly  plastic; 
common  fine  distinct  strong  brown  (7.5YR  5/8)  and  yellowish  brown  (10YR 
5/6)  mottles;  calcareous;  moderately  alkaline  (pH  8.2);  gradual  wavy 
boundary  (6  to  15  inches  thick). 

C3 — 29  to  38  inches;  light  brownish  gray  (10YR  6/2)  silt  loam,  dark 
grayish  brown  (10YR  4/2)  moist;  weak  moderate  subangular  blocky  parting 
to  moderate  fine  platy  structure;  hard,  friable,  sticky  and  plastic;  cal- 
careous; moderately  alkaline  (pH  8.2);  clear  smooth  boundary  (8  to  15 
inches  thick) . 

Alb — 38  to  53  inches;  gray  (10YR  5/1)  silty  clay  loam,  very  dark 
brown  (10YR  2/2)  moist;  moderate  medium  angular  blocky  structure;  very 
hard,  firm,  sticky  and  plastic;  calcareous;  moderately  alkaline  (pH  8.2); 
clear  smooth  boundary  (0  to  20  inches  thick) . 

IIC1 — 53  to  60  inches;  light  brownish  gray  (10YR  6/2)  silt  loam, 
dark  grayish  brown  (10YR  4/2)  moist;  moderate  medium  platy  structure; 
very  hard,  friable,  sticky  and  plastic;  calcareous;  moderately  alkaline 
(pH  8.4). 

The  A  horizon  ranges  in  hue  from  10YR  through  2.5YR,  in  value  from 
4  through  6  dry,  3  through  5  moist,  and  in  chroma  from  1  through  4. 
The  texture  is  commonly  fine  sandy  loam  or  loam,  but  ranges  from  loamy 
sand  to  silty  clay  loam.   The  C  horizons  have  a  hue  of  10YR  or  2.5YR, 
range  in  value  from  4  through  7  dry,  3  through  6  moist,  and  in  chroma 
from  1  through  4.   Textures  range  from  loamy  sand  to  silty  clay  loam, 
and  buried  horizons  are  common.   Some  thin  horizons  may  have  concentra- 
tions of  sodium  and  gypsum. 

Glendive  Series  (Ustic  Torrif luvent ,  coarse  loamy  mixed) 

The  Glendive  series  consists  of  deep,  well  and  moderately  well 
drained  soils  that  formed  in  stratified  mixed  alluvium.   Glendive  soils 
are  on  flood  plains  and  terraces  and  have  slopes  of  0  to  3  percent.   The 
mean  annual  precipitation  ranges  from  10  to  15  inches  and  the  mean  an- 
nual soil  temperature  is  42  to  47°  F. 

Glendive  soils  are  similar  to  Havre  soils.   Havre  soils  have  more 
than  18  percent  clay  in  their  control  sections. 

Typical  pedon  of  Glendive  loam,  0  to  3  percent  slopes,  is  located 
1100  feet  east  and  200  feet  south  of  the  NW  corner  of  sec.  26,  T.  6  N., 

R.  94  W. : 
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All — 0  to  5  inches;  grayish  brown  (10YR  5/2)  loam,  dark  grayish  brown 
(10YR  4/2)  moist;  weak  medium  subangular  blocky  parting  to  moderate  medium 
crumb  structure;  hard,  friable,  nonsticky  and  slightly  plastic,  calcareous; 
moderately  alkaline  (pH  8.4);  clear  smooth  boundary  (0  to  6  inches  thick). 

A12 — 5  to  9  inches;  dark  grayish  brown  (10YR  4/2)  fine  sandy  loam, 
very  dark  gray  (10YR  3/1)  moist;  weak  medium  subangular  blocky  parting 
to  moderate  medium  crumb  structure;  slightly  hard,  friable,  nonsticky 
and  nonplastic;  strongly  alkaline  (pH  8.6);  clear  smooth  boundary  (0  to 
5  inches  thick) . 

A13 — 9  to  14  inches;  grayish  brown  (2.5Y  5/2)  fine  sandy  loam,  very 
dark  grayish  brown  (10YR  3/2)  moist;  weak  coarse  subangular  blocky  part- 
ing to  weak  medium  granular  structure;  slightly  hard,  friable,  nonsticky 
and  slightly  plastic;  calcareous;  very  strongly  alkaline  (pH  9.4);  clear 
smooth  boundary  (0  to  8  inches  thick) . 

CI — 14  to  25  inches;  light  brownish  gray  (2.5Y  6/2)  fine  sandy  loam, 
dark  brown  (10YR  4/3)  moist;  weak  coarse  subangular  blocky  parting  to 
weak  medium  crumb  structure;  slightly  hard,  very  friable,  nonsticky  and 
nonplastic;  calcareous;  strongly  alkaline  (pH  8.8);  clear  smooth  bound- 
ary (5  to  22  inches  thick) . 

C2 — 25  to  42  inches;  light  brownish  gray  (2.5Y  6/2)  loamy  sand,  dark 
brown  (10YR  4/3)  moist;  weak  very  coarse  subangular  blocky  structure  part- 
ing to  single  grains;  soft,  very  friable,  nonsticky  and  nonplastic;  cal- 
careous; strongly  alkaline  (pH  8.8);  clear  smooth  boundary  (15  to  30 
inches  thick) . 

C3 — 42  to  55  inches;  grayish  brown  (2.5Y  5/2)  fine  sandy  loam,  dark 
grayish  brown  (10YR  4/2)  moist;  weak  very  coarse  subangular  blocky  struc- 
ture; slightly  hard,  very  friable,  nonsticky  and  nonplastic;  common  me- 
dium prominent  strong  brown  ( 7 . 5YR  5/6)  mottles;  carbonates  in  fine  seams 
and  streaks;  calcareous;  strongly  alkaline  (pH  8.8);  clear  smooth  bound- 
ary (8  to  30  inches  thick) . 

C4 — 55  to  60  inches;  brown  (10YR  5/3)  loamy  sand,  dark  yellowish 
brown  (10YR  4/4)  moist;  massive  structure;  slightly  hard,  loose,  non- 
sticky and  nonplastic;  calcareous;  moderately  alkaline  (pH  8.2). 

The  A  horizon  hue  is  10YR  or  2.5Y,  in  value  4  through  6  dry,  3 
through  5  moist,  and  in  chroma  from  1  through  4.   Textures  range  from 
loamy  sand  to  loam.   The  C  horizons  range  in  hue  from  10YR  through  2 . 5Y , 
in  value  from  1  through  4.   Textures  range  from  sands  and  gravels  to 
loams  and  sandy  clay  loams. 

08 — Brycan  Series  (Cumulic  Haploboroll,  fine  loamy,  mixed) 

The  Brycan  series  consists  of  deep,  well  drained  soils  that  formed 
in  mixed  alluvium.   Brycan  soils  are  on  valley  bottoms  and  stream  terraces 
and  have  slopes  of  0  to  6  percent.   The  average  annual  precipitation  is 
about  12  to  14  inches,  the  average  annual  air  temperature  is  about  40  to 
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to  45°  F.,  and  the  frost-free  season  is  80  to  100  days.   Elevations  are 
5800  to  7200  feet. 

The  Brycan  soils  are  similar  to  the  Homelake  soils.   They  are  near 
the  Havre,  Glendive,  and  Homelake  soils.   Homelake  soils  are  somewhat 
poorly  drained.   Havre  and  Glendive  soils  have  light  colored  surface  hor- 
izons, and  Glendive  soils  have  less  than  18  percent  clay  in  the  control 
section. 

Typical  pedon  of  Brycan  loam,  0  to  6  percent  slopes,  is  about  6 
miles  north  of  Lay,  200  feet  north  and  100  feet  west  of  the  southeast 
corner  of  sec.  32,  T.  8  N. ,  R.  93  W. : 

All — 0  to  5  inches;  dark  grayish  brown  (10YR  4/2)  loam,  very  dark 
grayish  brown  (10YR  3/2)  moist;  moderate  very  coarse  platy  parting  to 
moderate  medium  subangular  blocky  structure;  slightly  hard,  very  friable, 
slightly  sticky  and  slightly  plastic;  neutral,  gradual  wavy  boundary. 

A12 — 5  to  16  inches;  grayish  brown  (2.5Y  5/2)  sandy  clay  loam,  very 
dark  grayish  brown  (2.5Y  3/2)  moist;  moderate  coarse  subangular  blocky 
parting  to  moderate  medium  subangular  blocky  structure,  slightly  hard, 
friable,  sticky  and  plastic;  neutral;  clear  wavy  boundary. 

CI — 16  to  20  inches;  grayish  brown  (2.5Y  5/2)  sandy  clay  loam,  very 
dark  grayish  brown  (2.5Y  3/2)  moist;  moderate  very  coarse  platy  parting 
to  moderate  medium  subangular  blocky  structure;  hard,  friable,  sticky 
and  plastic;  calcareous;  mildly  alkaline;  clear  wavy  boundary. 

CI — 20  to  27  inches;  dark  grayish  brown  (10YR  4/2)  sandy  clay  loam, 
very  dark  grayish  brown  (2.5Y  3/2)  moist;  moderate  coarse  subangular 
blocky  structure;  hard  friable,  sticky  and  plastic;  calcareous;  mildly 
alkaline;  clear  wavy  boundary. 

C3ca — 27  to  41  inches;  grayish  brown  (2.5Y  5/2)  sandy  clay  loam, 
dark  grayish  brown  (2.5Y  4/2)  moist;  moderate  coarse  subangular  blocky 
structure;  hard,  friable,  sticky  and  plastic;  calcareous;  mildly  alka- 
line; visible  lime  in  seams  and  streaks;  clear  wavy  boundary. 

C4 — 41  to  54  inches;  light  olive  brown  (2.5Y  5/4)  sandy  loam,  dark 
grayish  brown  (2.5Y  4/2)  moist;  weak  medium  subangular  blocky  structure; 
soft,  very  friable,  nonsticky  and  nonplastic;  calcareous;  mildly  alka- 
line; gradual  wavy  boundary. 

C5 — 54  to  60  inches;  light  yellowish  brown  (2.5Y  6/4)  loamy  sand, 
grayish  brown  (2.5Y  5/2)  moist;  single  grain;  loose;  calcareous;  mildly 
alkaline. 

Thickness  of  the  mo] lie  epipedon  ranges  from  16  to  27  inches. 
Depth  to  calcareous  material  ranges  from  20  to  greater  than  40  inches. 
Buried  A  and  B  horizons  are  common.   Sand  and  gravel  layers  may  occur, 
but  rock  fragments  throughout  the  control  section  are  generally  less 
than  15  percent. 
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A  horizon  has  hue  of  10YR  through  2.5Y,  value  of  3  through  5  dry,  2 
through  4  moist,  and  chroma  of  1  through  3.   C  horizons  have  hue  of  10YR 
through  2.5Y,  value  of  3  through  6  dry,  2  through  5  moist,  and  chroma  of 
2  through  4.   Textures  of  the  C  horizons  range  from  loamy  sand  to  clay 
loam.   Reaction  is  neutral  to  mildly  alkaline. 

Evanston  Series  (Ardic  Argiborollos ,  fine  loamy  mixed) 

The  Evanston  series  consists  of  deep,  well  drained  soils  that  formed 
in  mixed  alluvium  and  loess.   Evanston  soils  are  on  gently  sloping  to 
steep  uplands.   Slopes  are  3  to  25  percent.   The  mean  annual  precipita- 
tion ranges  from  12  to  15  inches  and  the  mean  annual  soil  temperature  is 
42  to  47°  F. 

Evanston  soils  are  similar  to  Attewan,  Forelle,  Peyton,  and  Work  se- 
ries.  Attewan  soils  have  a  sandy  skeletal  substrata  above  a  depth  of  40 
inches.   Forelle  soils  lack  a  mollic  epipedon.   Peyton  soils  are  noncal- 
careous  to  depths  of  at  least  40  inches.   Work  soils  have  greater  than 
35  percent  clay  in  the  control  section. 

Typical  pedon  of  Evanston  loam,  3  to  12  percent  slope  is  located  in 
sec.  31,  T.  7  N. ,  R.  90  W. : 

Ap — 0  to  8  inches;  grayish  brown  (10YR  5/2)  loam,  very  dark  grayish 
brown  (10YR  3/2)  moist;  weak  fine  granular  structure;  soft,  very  friable, 
slightly  sticky  and  slightly  plastic;  many  roots;  mildly  alkaline  (pH  7.4); 
clear  smooth  boundary  (6  to  10  inches  thick) . 

B2t — 8  to  16  inches;  grayish  brown  (10YR  5/2)  clay  loam  very  dark 
grayish  brown  (10YR  3/2)  moist;  moderate,  medium  prismatic  structure 
that  parts  to  moderate  medium  subangular  blocky;  slightly  hard,  friable, 
sticky  and  plastic;  continuous  moderate  clay  films  on  faces  of  peds. 
Many  roots;  mildly  alkaline  (pH  7.4);  clear  smooth  boundary  (8  to  10 
inches  thick) . 

B3 — 16  to  20  inches;  brown  (10YR  5/3)  clay  loam,  dark  brown  (10YR 
4/3)  moist;  moderate  medium  prismatic  structure  that  parts  to  moderate 
medium  subangular  blocky;  soft,  very  friable,  sticky  and  plastic,  few 
roots;  mildly  alkaline  (pH  7.6);  clear  smooth  boundary  (4  to  6  inches 
thick) . 

Clca — 20  to  48  inches;  light  brownish  gray  (10YR  6/2)  clay  loam, 
grayish  brown  (10YR  4/2)  moist,  weak,  medium  prismatic  structure  that 
parts  to  weak,  medium  subangular  blocky;  soft,  very  friable,  sticky  and 
plastic;  few  roots  moderately  alkaline  (pH  8.4);  clear  smooth  boundary 
(20  to  30  inches  thick). 

C2ca — 48  to  60  inches;  light  brownish  gray  (10YR  6/2)  loam,  gray- 
ish brown  (10YR  4/2)  moist;  massive;  soft,  very  friable,  slightly  sticky 
and  slightly  plastic;  strongly  alkaline  (pH  8.5). 
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The  A  horizon  has  hue  of  7.5YR  or  10YR,  value  of  4  or  5  dry,  3  or 
4  moist.  The  B  horizon  is  commonly  clay  loam  but  ranges  to  silty  clay 
loam.   The  C  horizon  is  loam  or  very  fine  sandy  loam. 

Peyton  Series 

The  Peyton  series  consists  of  deep,  well  drained  soils  that  formed 
in  Arkosica  sands.  Peyton  soils  are  on  rolling  uplands  and  have  slopes 
of  3  to  25  percent.  The  mean  annual  precipitation  ranges  from  13  to  16 
inches  and  the  mean  annual  soil  temperature  is  44  to  47°  F. 

Peyton  soils  are  similar  to  Evanston,  Cruckton,  and  Attewan  soils. 
The  Evanston  soils  are  formed  in  calcareous  parent  material  and  have  less 
than  45  percent  sand  in  control  section.   The  Cruckton  soils  have  less 
than  18  percent  clay  in  control  section.   The  Attewan  soils  are  over 
sandy  skeletal  material  in  the  lower  part. 

Typical  pedon  of  Peyton  sandy  loam,  3  to  12  percent  slopes,  is  lo- 
cated in  the  NE^  of  SE%,  sec.  15,  T.  10  N.  ,  R.  91  W.  : 

Al — 0  to  6  inches;  dark  grayish  brown,  (10YR  4/2)  sandy  loam,  very 
dark  grayish  brown  (10YR  3/2)  moist;  weak  medium  subangular  structure 
that  parts  to  moderate  medium  granules;  soft,  very  friable,  nonsticky 
and  nonplastic;  many  fine  and  medium  roots;  neutral  (pH  6.8);  clear 
smooth  boundary  (4  to  8  inches  thick) . 

Bl — 6  to  10  inches;  dark  brown  (10YR  4/3)  coarse  sandy  loam,  dark 
brown  (10YR  3/3)  moist;  weak  coarse  subangular  structure  that  parts  to 
weak  medium  subangular  blocky;  slightly  hard,  very  friable  nonsticky  and 
nonplastic;  very  few  thin  clay  films  as  bridges  between  sand  grains  and 
in  root  channels;  many  fine  and  medium  roots;  neutral  (pH  6.9);  clear 
smooth  boundary  (2  to  8  inches  thick) . 

B2t — 10  to  21  inches,  brown  (7.5YR  5/4)  coarse  sandy  clay  loam,  dark 
brown  (7.5YR  4/4)  moist;  moderate  medium  prismatic  structure  that  parts 
to  moderate  medium  subangular  blocky;  extremely  hard,  friable,  slightly 
sticky  and  nonplastic;  many  thin  clay  films  on  faces  of  peds;  many  fine, 
few  medium  roots;  neutral  (pH  7.0)  gradual  smooth  boundary  (8  to  14 
inches  thick) . 

B3 — 21  to  29  inches;  light  yellowish  brown  (10YR  6/4)  coarse  sandy 
loam,  yellowish  brown  (10YR  5/4)  moist;  weak  coarse  subangular  blocky 
structure  that  parts  to  weak  medium  subangular  blocky;  extremely  hard, 
very  friable  slightly  sticky  and  nonplastic;  very  few  thin  clay  films  on 
faces  of  some  peds  and  as  bridging  between  sand  grains;  few  fine  roots; 
neutral  (pH  7.0);  gradual  wavy  boundary  (4  to  10  inches  thick). 

CI — 45  to  60  inches;  yellow  (10YR  7/6)  loamy  coarse  sand,  brownish 
yellow  (10YR  6/6)  moist;  single  grained;  extremely  hard,  very  friable, 
nonsticky  and  nonplastic,  neutral  (pH  7.0)  (0  to  several  feet  thick). 
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The  A  horizon  has  a  value  of  4  or  5  dry,  2  or  3  moist,  and  chroma  of 
2  or  3  dry  and  moist.   The  B  horizon  has  a  hue  of  10YR  or  7.5YR,  value  of 
5  or  6  dry,  3  through  5  moist,  and  chroma  of  3  through  6  dry  and  moist. 
Typically,  the  texture  is  sandy  clay  loam  but  clay  ranges  from  18  to  35 
percent  and  sand  from  45  to  75  percent.   Coarse  sand  being  predominant. 

The  angular  sand  tends  to  pack  on  drying  giving  a  much  harder  dry 
consistency  than  normal  for  similar  textures.   The  soils  are  noncalcar- 
eous  throughout  but  may  have  carbonates  in  noncontiguous  horizons  below 
40  inches . 

Forelle  Series  (Borollic  Haplargid,  fine  loamy  mixed) 

The  Forelle  series  consists  of  deep,  well  drained  soils  that  formed 
in  aeolian  deposit.   Forelle  soils  are  on  gently  sloping  to  steep  uplands 
and  have  slopes  of  3  to  25  percent.   The  mean  annual  precipitation  ranges 
from  12  to  15  inches  and  the  mean  annual  soil  temperature  is  42  to  47°  F. 

Forelle  soils  are  similar  to  Evanston  and  Rock  River  soils.   Evan- 
ston  soils  have  a  mollic  epipedon.   Rock  River  contains  more  than  50  per- 
cent fine  or  coarser  sand  in  the  control  section. 

Typical  pedon  of  Forelle  loam,  3  to  12  percent  slopes,  is  located 
1320  feet  west  of  SE  corner  sec.  32,  T.  7  N.,  R.  90  W. : 

Ap — 0  to  5  inches;  grayish  brown  (10YR  5/2)  loam,  very  dark  grayish 
brown  (10YR  3/2);  weak  fine  granular  structure;  slightly  hard,  friable, 
slightly  sticky  and  slightly  plastic;  mildly  alkaline  (pH  7.4);  clear 
smooth  boundary  (4  to  6  inches  thick) . 

Bl — 5  to  10  inches;  light  brownish  gray  (10YR  6/2)  loam,  dark  gray- 
ish brown  (10YR  4/2)  moist;  weak  coarse  subangular  blocky  structure  that 
parts  to  moderate  medium  subangular  blocky;  slightly  hard,  friable, 
slightly  sticky  and  slightly  plastic;  mildly  alkaline  (pH  7.4);  clear 
smooth  boundary  (4  to  8  inches  thick) . 

B2t — 10  to  26  inches;  light  brownish  gray  (10YR  6/2)  clay  loam,  dark 
grayish  brown  (10YR  4/2)  moist,  moderate,  medium  prismatic  structure  that 
parts  to  moderate,  medium  subangular  blocky;  slightly  hard,  friable,  sticky 
and  plastic;  many  moderately  thick  clay  films  on  faces  of  peds;  mildly  al- 
kaline (pH  7.4);  clear  smooth  boundary  (12  to  18  inches  thick). 

B3ca — 26  to  30  inches;  light  brownish  gray  (10YR  6/2)  clay  loam, 
dark  grayish  brown  (10YR  4/2)  moist;  weak,  medium  prismatic  structure 
that  parts  to  weak  medium  subangular  blocky;  slightly  hard,  friable, 
sticky  and  plastic;  mildly  alkaline  (pH  7.8);  clear  smooth  boundary  (4 
to  6  inches  thick) . 

Cca — 30  to  60  inches;  light  brownish  gray  (10YR  6/2)  loam,  dark 
grayish  brown  (10YR  4/2)  moist  massive  structure;  soft,  very  friable, 
nonsticky  and  nonplastic;  moderately  alkaline  (pH  8.0). 
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The  A  horizon  has  hue  of  10YR,  value  of  3  to  4  moist,  chroma  2  or  3 
dry  and  moist.   This  horizon  is  commonly  loam  but  ranges  to  silt  loam. 
The  B  horizon  has  hue  of  10YR,  value  5  or  6  dry,  4  or  5  moist,  and  chroma 
of  2  or  3  dry  and  moist.   The  B  horizon  is  clay  loam  or  silty  clay  loam 
and  averages  24  to  35  percent  clay.   The  C  horizon  is  medium  textured  and 
may  contain  up  to  40  percent  very  fine  sand. 

31 — Busby  Series  (Borollic  Camborthid,  coarse  loamy  mixed) 

The  Busby  series  consists  of  deep,  well  drained  soils  that  formed 
in  sandy  alluvium  and  colluvium.   Busby  soils  are  on  sideslopes  and  fans 
and  have  slopes  of  5  to  30  percent.   The  mean  annual  precipitation  ranges 
from  12  to  15  inches  and  the  mean  annual  soil  temperature  is  42  to  47°  F. 

The  Busby  soils  are  similar  to  the  Unson  and  Dahlquist  soils.   The 
Unson  soils  have  more  than  35  percent  coarse  fragments  in  control  section 
and  occur  in  a  drier  climate.   The  Dahlquist  soils  have  B2t  horizon,  and 
contain  more  than  35  percent  coarse  fragments. 

Typical  pedon  of  very  fine  sandy  loam,  5  to  12  percent  slopes,  is 
located  2700  feet  east,  1800  feet  south  of  center,  sec.  14,  T.  6  N.,  R. 
91  W.  : 

Al — 0  to  2  inches;  pale  brown  (10YR  6/3)  very  fine  sandy  loam,  yel- 
lowish brown  (10YR  5/4)  moist;  weak  fine  granular  structure;  soft,  very 
friable,  slightly  sticky  and  nonplastic;  slightly  effervescent;  mildly 
alkaline  (pH  7.4);  clear  smooth  boundary  (2  to  4  inches  thick). 

B21 — 2  to  6  inches;  pale  brown  (10YR  6/3)  fine  sandy  loam,  yellow- 
ish brown  (10YR  5/4)  moist;  weak  coarse  prismatic  structure  that  parts 
to  weak  medium  subangular  blocky;  soft,  friable,  slightly  sticky  and 
slightly  plastic;  strongly  effervescent;  mildly  alkaline  (pH  7.6);  clear 
smooth  boundary  (3  to  7  inches  thick) . 

B22 — 6  to  12  inches;  brown  (10YR  5/3)  very  fine  sandy  loam,  dark 
brown  (10YR  4/3)  moist;  weak  coarse  prismatic  structure  that  parts  to 
weak  medium  subangular  blocky;  soft,  friable,  slightly  sticky  and  slightly 
plastic;  strongly  effervescent;  mildly  alkaline  (pH  7.8);  gradual  smooth 
boundary  (4  to  8  inches  thick) . 

CI — 12  to  60  inches;  pale  brown  (10YR  6/3)  fine  sandy  loam,  yellow- 
ish brown  (10YR  5/4)  moist;  massive;  soft,  friable,  slightly  sticky  and 
slightly  plastic;  violently  effervescent;  moderately  alkaline  (pH  8.0). 

Thickness  of  of  the  solum  ranges  from  9  to  19  inches.   Hue  ranges 
from  7.5YR  through  2 . 5Y . 

The  A  horizon  has  value  of  6  or  7  dry,  5  or  6  moist,  and  chroma  of 
2  through  4.   Texture  is  sandy  loam  or  loam.   The  B  horizon  has  value  of 
5  or  6  dry,  4  or  5  moist,  and  chroma  of  2  through  4.   Texture  is  sandy 
loam  or  loam.   The  C  horizon  has  value  of  5  or  6  dry,  4  or  5  moist,  and 
chroma  of  2  through  4.   Texture  is  sandy  loam  or  loam. 
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Yamac  Series  (Borollic  Camborthid ,  fine  loamy,  mixed) 

The  Yamac  series  consists  of  deep,  well  drained  soils  that  formed  in 
weathered  sandstone,  siltstone  and  windlain  materials.   Yamac  soils  are 
on  upland  ridges  and  benches  and  have  slopes  of  5  to  30  percent.   The 
mean  annual  precipitation  ranges  from  12  to  15  inches  and  the  mean  annual 
soil  temperature  is  42  to  47°  F. 

Yamac  soils  are  similar  to  Forelle  and  Busby  soils.   Forelle  soils 
have  argillic  horizons.   Busby  soils  have  less  than  18  percent  clay. 

Typical  pedon  of  Yamac  loam,  5  to  9  percent  slopes,  is  500  feet  west 
of  the  NE  corner  of  sec.  18,  T.  4  N.,  R.  93  W. : 

A1--0  to  5  inches;  pale  brown  (10YR  6/3)  loam,  brown  (10YR  5/3) 
moist;  weak  fine  granular  structure;  slightly  hard,  very  friable,  sticky 
and  plastic;  calcareous;  moderately  alkaline  (pH  8.4);  clear  smooth 
boundary  (3  to  7  inches  thick) . 

B2 — 5  to  15  inches;  pale  brown  (10YR  6/3)  loam,  olive  brown  (2.5Y 
4/4)  moist,  light  olive  brown  (2.5Y  5/4)  crushed  moist;  moderate  medium 
subangular  blocky  structure  parting  to  moderate  fine  subangular  blocky 
structure;  hard,  friable,  sticky  and  plastic;  calcareous;  moderately  al- 
kaline (pH  8.2);  gradual  wavy  boundary  (8  to  12  inches  thick). 

CI — 15  to  22  inches;  pale  brown  (10YR  6/3)  loam,  light  olive  brown 
2.5Y  5/4)  moist;  weak  coarse  subangular  blocky  structure;  hard,  friable, 
sticky  and  plastic;  calcareous;  moderately  alkaline  (pH  8.2);  clear 
smooth  boundary  (5  to  12  inches  thick) . 

C2 — 22  to  38  inches;  very  pale  brown  (10YR  7/3)  loam,  light  olive 
brown  (2.5Y  5/4)  moist;  weak  coarse  subangular  blocky  structure;  slightly 
hard,  friable,  sticky  and  plastic;  calcareous;  moderately  alkaline  (pH 
8.2);  clear  smooth  boundary  (15  to  25  inches  thick). 

C3 — 38  to  60  inches;  very  pale  brown  (10YR  7/3)  loam;  massive  struc- 
ture; hard,  friable,  sticky  and  plastic;  calcareous;  moderately  alkaline 
CpH  8.4). 

The  A  horizon  ranges  in  hue  from  7 . 5YR  through  2 . 5Y ,  in  value  from 
3  or  4  moist,  5  or  6  dry,  and  in  chroma  from  2  through  4  moist  and  dry. 
The  texture  is  commonly  loam  to  silt  loam.   The  B  horizon  has  the  same 
hue,  value,  and  chroma  ranges  as  the  A  horizon,  and  ranges  in  texture 
from  loam  to  light  clay  loam. 

35 — Tisworth  Series 

The  Tisworth  series  consists  of  deep,  well  drained  soils  that  formed 
in  alluvium  and  residuum  weathered  from  sandstone  and  shale.   Tisworth 
soils  are  on  upland  benches,  terraces,  and  fans  and  have  slopes  of  0  to 
9  percent.   The  mean  annual  precipitation  ranges  from  12  to  15  inches  and 
the  mean  annual  soil  temperature  is  42  to  47°  F. 
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Tisworth  soils  are  similar  to  Absher  soils.   Absher  soils  have  more 
than  35  percent  clay  in  the  control  section. 

Typical  pedon  of  Tisworth  fine  sandy  loam,  5  to  9  percent  slopes, 
is  located  200  feet  west  of  the  center  of  the  SE^  of  sec.  30,  T.  5  N., 
R.  92  W. : 

A2 — 0  to  3  inches;  pale  brown  (10YR  6/3)  fine  sandy  loam,  dark 
brown  (10YR  4/3)  moist;  moderate  medium  platy  structure  parting  to  mod- 
erate fine  plates;  soft,  very  friable,  nonsticky  and  nonplastic;  calcar- 
eous; strongly  alkaline  (pH  8.8);  abrupt  wavy  boundary. 

B2t — 3  to  13  inches;  light  yellowish  brown  (10YR  6/4)  light  clay 
loam,  dark  brown  (10YR  4/3)  moist;  moderate  coarse  subangular  blocky 
structure  parting  to  moderate  medium  subangular  blocky  structure;  hard, 
friable,  sticky  and  plastic;  few  thin  clay  films  on  ped  faces;  calcar- 
eous; very  strongly  alkaline  (pH  9.6);  abrupt  smooth  boundary. 

B3--13  to  18  inches;  pale  brown  (10YR  6/3)  light  clay  loam,  dark 
brown  (10YR  4/3)  moist;  moderate  medium  subangular  blocky  structure 
breaking  to  moderate  fine  subangular  blocky  structure;  slightly  hard, 
friable,  slightly  sticky  and  slightly  plastic;  calcareous;  moderately 
alkaline  (pH  8.4);  clear  wavy  boundary. 

CI— 18  to  37  inches;  light  yellowish  brown  (10YR  6/4)  light  clay 
loam,  yellowish  brown  (10YR  5/4)  moist;  moderate  medium  subangular  blocky 
structure  parting  to  moderate  medium  granular  structure;  hard,  friable, 
slightly  sticky  and  slightly  plastic;  calcareous;  strongly  alkaline  (pH 
8.6);  clear  smooth  boundary. 

C2 — 37  to  60  inches;  light  brownish  gray  (2.5Y  6/2)  sandy  loam, 
light  olive  brown  (2.5Y  5/4)  moist;  weak  coarse  subangular  blocky  struc- 
ture parting  to  single  grain  structure;  soft,  friable,  slightly  sticky 
and  nonplastic;  calcareous;  moderately  alkaline  (pH  8.4). 

The  A2  horizon  has  hues  of  10YR  to  2.5Y,  values  of  6  or  7  dry,  4  or 
5  moist,  and  chroma  of  1  through  3.   It  is  sandy  loam  or  loam  in  texture. 
The  B2t  horizon  has  hue  of  2.5Y  through  7.5YR,  value  of  4  through  6  dry, 
3  through  5  moist,  and  chroma  of  2  through  4.   It  has  weak  to  strong 
prismatic  or  columnar  structure  and  is  light  clay  loam  or  silty  clay 
loam  in  texture.   The  exchangeable  sodium  ranges  from  15  to  30  percent. 
The  C  horizon  ranges  in  texture  from  sandy  loam  to  clay  loam,  with  some 
fine  gypsum  crystals.   Up  to  20  percent  gravel  occurs  in  some  horizons 
in  some  areas. 

47 — Unnamed  Series 

The  Unnamed  (47)  series  consists  of  deep,  well  drained  soils  that 
formed  in  material  weathered  from  shale.   Unnamed  (47)  soils  are  on  toe- 
slopes  and  sideslopes  of  ridges  and  have  slopes  of  3  to  15  percent.   The 
average  annual  precipitation  is  about  12  to  14  inches,  the  average  annual 
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air  temperature  is  about  40  to  45°  F.,  and  the  frost-free  season  is  about 
80  to  100  days.   Elevations  are  6200  to  7400  feet. 

The  Unnamed  (47)  soils  are  similar  to  the  Kemmerer  and  Bulkley  soils 
and  are  located  near  the  Tisworth,  Relsob,  and  Cushool  soils.   Kemmerer 
and  Cushool  soils  have  soft  shale  or  sandstone  at  20  to  40  inches.   Bulk- 
ley  soils  have  deep  wide  cracks  when  dry.   Relsob  soils  have  less  than 
35  percent  clay  in  the  control  section.   Tisworth  soils  have  a  salt- 
affected  layer. 

Typical  pedon  of  Unnamed  (47)  clay  loam,  3  to  15  percent  slopes, 
about  9  miles  southeast  of  Great  Divide,  is  1200  feet  south  and  300  feet 
west  of  the  northeast  corner  of  sec.  17,  T.  8  N.,  R.  92  W. : 

Al— 0  to  2  inches;  brown  (10YR  5/3)  clay  loam,  dark  brown  (10YR  4/3) 
moist;  weak  coarse  platy  parting  to  moderate  fine  platy  structure; 
slightly  hard,  friable,  sticky  and  plastic;  slightly  acid;  abrupt  smooth 
boundary . 

Bl — 2  to  4  inches;  brown  (10YR  5/3)  clay  loam,  dark  yellowish  brown 
(10YR  4/4)  moist;  moderate  medium  subangular  blocky  structure;  hard, 
firm,  sticky  and  plastic;  calcareous;  mildly  alkaline;  clear  smooth 
boundary. 

B2 — 4  to  13  inches;  yellowish  brown  (10YR  5/4)  clay,  dark  yellowish 
brown  (10YR  4/4)  moist;  moderate  coarse  prismatic  parting  to  moderate 
coarse  subangular  blocky  structure;  very  hard,  very  firm,  very  sticky 
and  very  plastic;  moderately  alkaline;  clear  smooth  boundary. 

B3ca — 13  to  21  inches;  pale  brown  (10YR  6/3)  clay,  dark  yellowish 
brown  (10YR  4/4)  moist;  moderate  coarse  subangular  blocky  structure; 
hard,  firm,  sticky  and  plastic;  calcareous;  mildly  alkaline;  common  vis- 
ible seams  and  streaks  of  ] ime ;  clear  smooth  boundary. 

Clca — 21  to  33  inches;  light  brownish  gray  (2.5Y  6/2)  sandy  clay 
loam,  grayish  brown  (2.5Y  5/2)  moist;  massive;  slightly  hard,  friable, 
sticky  and  plastic;  calcareous;  mildly  alkaline;  few  visible  seams  and 
streaks  of  lime;  gradual  smooth  boundary. 

C2 — 33  to  60  inches;  light  brownish  gray  (2.5Y  6/2)  sandy  clay  loam, 
grayish  brown  (2.5Y  5/2)  moist;  massive;  slightly  hard,  friable,  slightly 
sticky  and  slightly  plastic;  calcareous;  mildly  alkaline. 

The  A  horizon  ranges  in  thickness  from  0  to  5  inches,  having  been 
removed  in  some  areas  by  erosion.   Content  of  coarse  fragments  ranges 
from  0  to  10  percent  by  volume  in  the  C  horizon. 

The  A  horizon  has  hue  of  2 . 5Y  through  7.5YR,  value  of  4  or  5  dry, 
3  or  4  moist,  and  chroma  of  2  or  3.   The  B  horizon  has  hue  of  2.5Y 
through  7.5YR,  value  of  4  through  6  dry,  3  through  5  moist,  and  chroma 
of  2  through  4.   Textures  are  commonly  clay  but  range  from  clay  loam 
to  silty  clay.   C  horizon  has  hue  of  2 . 5Y  through  7.5YR,  value  of  4 


166 


APPENDIX  D  SCS  SOILS  DATA 


through  6  dry,  3  through  5  moist,  and  chroma  of  2  through  6.   Textures 
are  commonly  sandy  clay  loam  but  range  from  sandy  clay  loam  to  clay.   Re- 
action is  slightly  acid  to  moderately  alkaline. 

62 — Rock  River  Series  (Borollic  Haplargids,  fine  loamy  mixed) 

The  Rock  River  series  consists  of  deep,  well  drained  soils  that 
formed  in  sandy  outwash  and  alluvium.   Rock  River  soils  are  on  sloping 
uplands  and  have  slopes  of  3  to  65  percent.   The  mean  annual  precipi- 
tation ranges  from  14  to  16  inches  and  the  mean  annual  soil  temperature 
is  45  to  47°  F. 

Rock  River  soil  is  similar  to  Forelle,  Dahlquist,  Evanston,  and 
Peyton  soils.   The  Forelle  soils  have  less  than  50  percent  fine  and 
coarser  sand  in  the  control  section.   Dahlquist  soils  have  more  than 
35  percent  coarse  fragments  in  the  control  section.   The  Evanston  have 
less  than  50  percent  fine  and  coarser  sand  in  its  control  section  and 
has  mollic  epipedons. 

Typical  pedon  of  fine  sandy  loam,  3  to  12  percent  slopes,  at  W^  cor- 
ner, sec.  23,  R.  96  W. ,  T.  7  N. : 

Al — 0  to  2  inches;  yellowish  brown  (10YR  5/4)  fine  sandy  loam,  dark 
brown  (10YR  3/3)  moist;  weak  medium  granular  structure  that  parts  to 
single  grains;  soft  and  loose,  very  friable,  nonsticky,  and  nonplastic; 
few  fine  roots;  neutral  (pH  7.2);  clear  smooth  boundary  (2  to  6  inches 
thick) . 

B21t — 2  to  5  inches;  brown  (10YR  5/3)  fine  sandy  clay  loam,  dark 
yellowish  brown  (10YR  4/4)  moist;  weak  medium  prismatic  structure  that 
parts  to  weak  medium  subangular  blocky;  slightly  hard,  friable,  slightly 
sticky,  and  slightly  plastic;  few  thin  clay  films  as  bridging  between 
sand  grains  and  in  root  channels;  few  fine  roots;  neutral  (pH  7.2); 
clear  smooth  boundary  (0  to  6  inches  thick) . 

B22t — 5  to  10  inches;  dark  brown  (10YR  4/3)  fine  sandy  clay  loam, 
dark  brown  (10YR  4/3)  moist;  weak  medium  prismatic  structure  that  parts 
to  moderate  medium  subangular  blocky;  slightly  hard,  friable,  slightly 
sticky  and  slightly  plastic;  common  thin  clay  films  on  faces  of  peds; 
few  fine  and  medium  roots;  mildly  alkaline  (pH  7.4);  gradual  smooth 
boundary  (4  to  10  inches  thick) . 

B3 — 10  to  19  inches;  dark  brown  (7.5YR  3/4)  coarse  sandy  loam,  dark 
brown  (7.5YR  4/4)  moist;  weak  medium  subangular  blocky  structure;  slightly 
hard,  very  friable,  nonsticky,  and  nonplastic;  few  fine  roots  in  upper 
part  of  the  horizon;  mildly  alkaline  (pH  7.8);  gradual  wavy  boundary  (5 
to  12  inches  thick) . 

Clca — 19  to  32  inches;  brown  (7.5YR  5/4)  fine  sandy  loam,  light 
brown  (7.5YR  6/4)  moist;  massive;  slightly  hard,  friable,  nonsticky,  and 
nonplastic;  visible  calcium  carbonate  in  form  of  common  medium  seams; 
strongly  effervescent;  mildly  alkaline  (pH  7.8);  gradual  wavy  boundary 
(8  to  20  inches  thick) . 
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C2ca — 34  to  60  inches;  light  brown  (7.5YR  6/4)  sandy  loam,  brown 
(7.5YR  5/4)  moist;  massive;  loose,  very  friable,  nonsticky,  and  nonplas- 
tic;  visible  disseminated  calcium  carbonate  and  few  thin  threads;  vio- 
lently effervescent;  moderately  alkaline  (pH  8.0). 

The  A  horizon  has  value  of  5  or  6  dry,  3  or  4  moist,  and  chroma  of 
2  through  4  dry  and  moist.   Texture  is  loam,  fine  sandy  loam,  or  sandy 
loam.   The  B  horizon  has  a  hue  of  7 . 5YR  or  10YR,  value  of  4  or  5  dry,  3 
or  4  moist,  and  chroma  of  2  through  4  dry  and  moist.   This  horizon  con- 
tains over  50  percent  fine  or  coarser  sand.   Texture  is  generally  a  fine 
sandy  clay  loam.   Clay  content  ranges  from  20  to  32  percent.   Coarse 
fragments  range  from  0  to  15  percent. 

66 — Relsob  Series  (Borollic  Haplargid,  fine-loamy,  mixed) 

The  Relsob  series  consists  of  deep,  well  drained  soils  that  formed 
in  mixed  residuum  from  sandstone.   Relsob  soils  are  on  hillsides  and 
have  slopes  of  3  to  15  percent.   The  average  annual  precipitation  is 
about  12  to  14  inches,  the  average  annual  air  temperature  is  about  40 
to  46°  F. ,  and  the  frost-free  season  is  80  to  100  days.   Elevations  are 
6200  to  7400  feet. 

Relsob  soils  are  similar  to  Forelle,  Rock  River,  and  Cushool  soils 
and  are  located  near  Cushool,  Unnamed  (X66) ,  and  Unnamed  (67)  soils. 
Forelle  and  Rock  River  soils  have  accumulations  of  calcium  carbonate 
above  40  inches.   Cushool  has  soft  shale  and  sandstone  at  less  than  40 
inches.   Unnamed  (X66)  has  greater  than  35  percent  clay  in  the  control 
section.   Unnamed  (67)  is  sandy  in  the  control  section. 

Typical  pedon  of  Relsob  loamy  sand,  3  to  15  percent  slopes,  about  4 
miles  northwest  of  Great  Divide,  400  feet  west  and  800  feet  north  of  the 
southeast  corner  of  sec.  10,  T.  10  N.,  R.  94  W. : 

Al — 0  to  3  inches;  dark  brown  (10YR  4/3)  loamy  sand,  dark  brown  (10YR 
3/3)  moist;  weak  fine  granular  structure;  soft,  very  friable;  noncalcar- 
eous ;  mildly  alkaline;  clear  smooth  boundary. 

Bl— 3  to  8  inches;  brown  (10YR  5/3)  sandy  loam,  dark  brown  (10YR  4/3) 
moist;  weak  medium  subangular  blocky  parting  to  weak  fine  granular  struc- 
ture; slightly  hard,  very  friable,  slightly  sticky  and  slightly  plastic; 
noncalcareous ;  mildly  alkaline;  clear  smooth  boundary. 

B21t — 8  to  18  inches;  yellowish  brown  (10YR  5/6)  sandy  clay  loam, 
yellowish  brown  (10YR  5/4)  moist;  moderate  medium  subangular  blocky  part- 
ing to  weak  fine  granular  structure,  slightly  hard,  friable,  slightly 
sticky  and  slightly  plastic;  many  thin  clay  films  on  faces  of  peds  and 
in  pores;  noncalcareous;  mildly  alkaline;  clear  wavy  boundary. 

B22t — 18  to  35  inches;  yellowish  brown  (10YR  5/6)  sandy  clay  loam, 
yellowish  brown  (10YR  5/6)  moist;  strong  coarse  subangular  blocky  part- 
ing to  strong  medium  subangular  blocky  structure;  hard,  friable,  slightly 
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sticky  and  slightly  plastic;  many  thin  clay  films  on  faces  of  peds  and 
in  pores;  noncalcareous ;  mildly  alkaline;  clear  wavy  boundary. 

B3 — 35  to  39  inches;  brownish  yellow  (10YR  6/6)  coarse  sandy  loam, 
brownish  yellow  (10YR  6/6)  moist;  moderate  coarse  subangular  blocky 
structure;  slightly  hard,  friable,  slightly  sticky  and  slightly  plastic; 
common  thin  clay  films  on  faces  of  peds  and  in  pores;  noncalcareous; 
mildly  alkaline;  clear  wavy  boundary. 

C — 39  to  60  inches;  yellow  (10YR  7/6)  coarse  sand,  brownish  yellow 
(10YR  6/6)  moist;  single  grain;  loose;  noncalcareous;  mildly  alkaline. 

Depth  of  the  solum  ranges  from  11  to  39  inches.   Depth  to  secondary 
lime  accumulation  is  greater  than  40  inches. 

The  Al  horizon  has  hue  of  10YR,  value  of  4  or  3  dry,  3  or  4  moist, 
and  chroma  of  2  or  3.   Texture  is  sandy  loam  or  loamy  sand.   The  B  hor- 
izon has  hue  of  10YR,  value  of  4  through  6  dry,  4  or  5  moist,  and  chroma 
of  4  through  6.   Textures  are  sandy  clay  loam  or  sandy  loam;  with  more 
than  35  percent  fine  or  coarser  sand.   The  C  horizon  has  hue  of  10YR, 
value  of  6  through  8  dry,  6  or  7  moist,  and  chroma  of  4  through  6.   Tex- 
ture is  loamy  sand,  sand,  or  coarse  sand. 

Unnamed  (67)  Series  (Ustic  Torripsamment ,  mixed,  frigid) 

The  Unnamed  (67)  series  consists  of  deep,  excessively  drained  soils 
that  formed  in  material  weathered  from  sandstone.   Unnamed  (67)  soils 
are  on  ridgetops  and  upper  sideslopes  and  have  slopes  of  10  to  20  per- 
cent.  The  average  annual  precipitation  is  about  12  to  15  inches,  the 
average  annual  air  temperature  is  about  40  to  45°  F. ,  and  the  frost-free 
season  is  about  80  to  100  days.   Elevations  are  about  6200  to  7400  feet. 

The  Unnamed  (67)  soils  are  similar  to  the  Yetull  and  Zeona  soils  and 
are  located  near  the  Relsob,  Cushool,  and  Unnamed  (X66)  soils.   Yetull 
soils  are  calcareous.   Zeona  soils  have  fine  sand  predominating  in  the 
control  section.   Relsob  and  Cushool  soils  have  more  than  18  percent  clay 
in  the  control  section.   Unnamed  (X66)  soils  have  more  than  35  percent 
clay  in  the  control  section. 

Typical  pedon  of  Unnamed  (67),  12  to  15  percent  slopes,  about  3  miles 
west  of  Great  Divide,  is  500  feet  south  and  400  feet  east  of  the  northwest 
corner  of  sec.  36,  T.  10  N. ,  R.  94  W. : 

Al — 0  to  3  inches;  dark  yellowish  brown  (10YR  4/4)  sandy  loam,  dark 
brown  (10YR  3/3)  moist;  weak  fine  subangular  blocky  structure;  soft,  very 
friable,  slightly  sticky  and  nonplastic;  neutral;  clear  smooth  boundary. 

C2 — 3  to  10  inches;  brownish  yellow  (10YR  6/6)  sand,  yellowish  brown 
(10YR  5/6)  moist;  single  grain;  loose;  neutral;  clear  smooth  boundary. 

C2— 10  to  28  inches;  yellow  (10YR  7/6)  sand,  yellowish  brown,  (10YR 
5/6)  moist;  single  grain;  loose;  noncalcareous;  mildly  alkaline;  clear 
smooth  boundary. 
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C3— 28  to  35  inches;  yellow  (10YR  8/6)  sand,  brownish  yellow  (10YR 
6/6)  moist;  single  grain;  loose;  calcareous;  mildly  alkaline;  gradual 
wavy  boundary. 

C4 — 35  to  60  inches;  brownish  yellow  (10YR  6/6)  sand,  yellowish 
brown  (10YR  5/8)  moist;  single  grain;  loose;  calcareous;  mildly  alkaline. 

Thickness  of  the  solum  ranges  from  3  to  6  inches.   Depth  to  second- 
ary line  accumulations  ranges  from  30  to  greater  than  60  inches.  Coarse 
fragments  in  the  C  horizon  range  from  5  to  15  percent  by  volume,  and  are 
predominantly  less  than  %  inch  in  diameter.   Reaction  is  neutral  to 
mildly  alkaline. 

The  A  horizon  is  commonly  sandy  loam,  but  ranges  to  loamy  sand.   It 
has  value  of  4  or  5  dry,  3  or  4  moist,  and  chroma  of  2  through  4.   The  C 
horizon  is  loamy  coarse  sand  or  sand.   It  has  value  of  6  through  8  dry, 
5  through  7  moist,  and  chroma  of  3  through  6. 

Homelake  Series  (Fluvaquentic  Haploborolls ,  fine  loamy,  mixed) 

The  Homelake  series  consists  of  deep,  somewhat  poorly  drained  soils 
that  formed  in  mixed  alluvium.   Homelake  soils  are  on  floodplains  and 
drainageways  and  have  slopes  of  0  to  3  percent.   The  mean  annual  precipi- 
tation ranges  from  12  to  15  inches  and  the  mean  annual  soil  temperature 
is  42  to  47°  F. 

Homelake  soils  are  similar  to  Brycan  soils.   Brycan  soils  are  well 
drained  and  occur  on  upland  toeslopes  and  swales. 

Typical  pedon  of  Homelake  loam,  0  to  3  percent  slopes,  near  center, 
SW1-*;,  sec.  33,  T.  7  N.,  R.  92  W.  : 

All — 0  to  3  inches;  dark  reddish  gray  (5YR  4/2)  loam,  dark  reddish 
brown  (5YR  2/2)  moist;  few  fine  faint  dark  reddish  brown  (5YR  4/4)  mot- 
tles; weak  medium  granular  structure  that  parts  to  weak  fine  grains; 
soft,  very  friable,  nonsticky  and  nonplastic;  calcareous;  mildly  alka- 
line (pH  7.4);  clear  smooth  boundary  (3  to  6  inches  thick). 

A12--3  to  10  inches;  gray  (5YR  5/1)  loam,  very  dark  gray  (5YR  3/1) 
moist;  weak  medium  and  coarse  prismatic  structure  that  parts  to  weak 
medium  and  coarse  subangular  blocky;  soft,  very  friable,  slightly  sticky 
and  slightly  plastic;  calcareous;  mildly  alkaline  (pH  7.6);  clear  smooth 
boundary  (5  to  8  inches  thick) . 

CI— 10  to  20  inches;  dark  gray  (5YR  4/1)  loam,  black  (5YR  2/1)  moist; 
massive;  soft,  very  friable,  slightly  sticky  and  slightly  plastic;  calcar- 
eous; neutral  (pH  7.2);  clear  smooth  boundary  (7  to  12  inches  thick). 

C2 — 20  to  24  inches;  gray  (5YR  5/1)  very  fine  sandy  loam,  very  dark 
gray  (5YR  3/1)  moist;  massive;  soft,  very  friable,  nonsticky  and  nonplas- 
tic; calcareous;  mildly  alkaline  (pH  7.6);  clear  smooth  boundary  (0  to  6 
inches  thick). 
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C3g — 24  to  30  inches;  gray  (5YR  5/1)  loam,  very  dark  gray  (5YR  3/1) 
moist;  many  medium  prominent  (5Y  5/1)  mottles;  massive;  soft,  very  friable, 
nonsticky  and  nonplastic;  calcareous;  moderately  alkaline  (pH  8.0);  clear 
smooth  boundary  (6  to  15  inches  thick) . 

C4g — 30  to  60  inches;  gray  (5YR  5/1)  silty  clay  loam,  very  dark  gray 
(5YR  3/1)  moist;  common  medium  prominent  (5Y  5/1)  mottles;  massive; 
slightly  hard,  friable,  sticky  and  plastic;  calcareous;  moderately  alka- 
line (pH  8.0). 

The  A  horizons  have  hue  of  5YR  through  10YR,  value  of  3  through  5 
dry,  2  or  3  moist,  and  chroma  of  1  through  3  moist  and  dry.   Mottles  are 
typically  absent.   Texture  is  commonly  loam,  but  ranges  from  silt  loam 
to  light  fine  sandy  clay  loam.   The  C  horizons  have  hue  of  5YR  through 
10YR,  value  of  4  through  6  dry.   Texture  is  commonly  loam  or  sandy  loam, 
but  stratifications  ranging  in  texture  from  loamy  sand  to  clay  may  be 
present.   Faint  to  prominent  mottles  occur  within  20  to  36  inches  of  the 
surface.   Depth  to  free  water  ranges  from  20  to  40  inches,  and  may  be 
somewhat  shallower  during  the  spring  and  fall. 

Kemmerer  Series  (Borollic  Camborthid  fine  montmorillonitic) 

The  Kemmerer  series  consists  of  moderately  deep,  well  drained  soils 
that  formed  in  residuum  weathered  from  shale.   Kemmerer  soils  are  on  up- 
land shale  ridges  and  benches  in  sideslope  and  ridge  crest  positions,  and 
have  slopes  of  3  to  25  percent.   The  mean  annual  precipitation  ranges 
from  12  to  15  inches  and  the  mean  annual  soil  temperature  is  42  to  45°  F. 

Kemmerer  soils  are  similar  to  Abor  soils.   Abor  soils  have  higher 
percentages  of  clay  in  the  subsoil  and  tend  to  crack  when  dry. 

Typical  pedon  of  Kemmerer  silty  clay  loam,  5  to  10  percent  slopes, 
is  located  800  feet  west  and  100  feet  south  of  the  northeast  corner  of 
sec.  18,  T.  4  N. ,  R.  93  W. : 

Al — 0  to  3  inches;  light  brownish  gray  (2.5Y  6/2)  light  silty  clay 
loam,  dark  grayish  brown  (10YR  4/2)  moist;  weak  fine  granular  structure; 
hard,  firm,  sticky  and  plastic;  mildly  alkaline  (pH  7.6);  clear  smooth 
boundary  (2  to  4  inches  thick). 

B2— 3  to  15  inches;  light  brownish  gray  (2.5YR  6/2)  clay,  [10  per- 
cent yellowish  brown  (10YR  5/6)  weathered  shale  fragments],  olive  brown 
(2.5Y  4/4)  moist;  moderate  medium  subangular  blocky  breaking  to  weak  me- 
dium subangular  blocky  structure;  hard,  firm,  sticky  and  plastic;  calcar- 
eous; moderate  alkaline  (pH  8.0);  clear  wavy  boundary  (10  to  16  inches 
thick) . 

Clcs — 15  to  22  inches;  light  brownish  gray  (2.5Y  6/2)  heavy  silty 
clay  loam,  light  olive  brown  (2.5Y  5/4)  moist;  moderate  medium  platy 
structure;  hard,  firm,  sticky  and  plastic;  calcareous;  moderate  alkaline 
(pH  8.0);  clear  wavy  boundary  (5  to  10  inches  thick). 
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C2r — 22  inches;  weathered  light  brownish  gray  (2.5Y  6/2)  calcareous 
shale. 

The  A  horizon  has  a  value  of  4  or  5  moist,  5  or  6  dry,  and  a  chroma 
of  2  to  4  moist  and  dry.   The  texture  is  commonly  silty  clay  loam  or 
clay  loam  but  ranges  to  silt  loam.   The  B  horizon  has  a  value  of  4  or  5 
moist,  5  or  6  dry,  and  a  chroma  of  2  to  4  moist  and  dry.   The  texture  is 
clay  or  silty  clay  and  averages  from  38  to  50  percent  clay.   The  C  hori- 
zon is  commonly  heavy  silty  clay  loam  but  ranges  to  a  light  clay  loam. 

Moyerson  Series  [Ustic  Torriorthents ,  clayey,  montmorillonitic 
(calcareous)  frigid,  shallow] 

The  Moyerson  series  consist  of  shallow,  well  drained  soils  that 
formed  in  Wasatch  or  Lewis  shale  and  may  have  a  basalt  overburden.   Moy- 
erson soils  are  on  ridgetops  and  valley  sideslopes  and  have  slopes  of  12 
to  65  percent. 

The  mean  annual  precipitation  ranges  from  12  to  15  inches  and  the 
mean  annual  soil  temperature  is  42  to  47°  F. 

Moyerson  soils  are  similar  to  Abor  and  Bulkley  soils.   Abor  soils 
are  20  to  40  inches  deep  over  shale.   Bulkley  soils  have  shale  at  depths 
over  40  inches. 

Typical  pedon  of  Moyerson  stony  loam,  25  to  65  percent  slopes,  NW^, 
mht    sec.  2,  T.  6  N.,  R.  90  W.  : 

A1--0  to  3  inches;  grayish  brown  (10YR  5/2)  stony  loam,  very  dark 
grayish  brown  (10YR  3/2)  moist;  weak  fine  granular  structure;  soft  very 
friable;  slightly  sticky  and  slightly  plastic;  30  percent  basalt  stones; 
neutral;  gradual  wavy  boundary  (2  to  5  inches  thick). 

C — 3  to  14  inches;  light  brownish  gray  (10YR  6/2)  clay,  dark  grayish 
brown  (10YR  4/2)  moist;  weak  medium  subangular  blocky  structure;  slightly 
hard,  firm,  sticky  and  plastic;  strongly  effervescent;  mildly  alkaline; 
gradual  wavy  boundary  (8  to  15  inches  thick) . 

Cr — 14  inches  plus;  strongly  effervescent  fractured  Lewis  shale. 

Depth  to  shale  ranges  from  10  to  20  inches.   Basalt  overburden  may 
be  absent.   Hue  ranges  from  7.5YR  through  2.5Y. 

The  A  horizon  has  value  of  5  through  7  dry,  3  through  5  moist,  and 
chroma  of  2  through  4.   Texture  ranges  from  fine  sandy  loam  to  heavy  clay 
loam.   Basalt  stones  may  make  up  20  to  40  percent  of  the  horizon. 

The  C  horizon  has  value  of  5  through  7  dry,  4  through  6  moist,  and 
chroma  of  2  through  4.   Texture  is  heavy  clay  loam  or  clay. 
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Yetull  Series  (Ustic  Torripsamments ,  mixed,  frigid) 

The  Yetull  series  consists  of  deep,  excessively  drained  soils  that 
formed  in  calcareous  eolian  sands.   Yetull  soils  are  on  upland  sandhills 
and  have  slopes  of  5  to  30  percent.   The  mean  annual  precipitation  ranges 
from  12  to  15  inches  and  the  mean  annual  soil  temperature  is  44°  to  47°  F, 

Yetull  soils  are  similar  to  Zenoa  soils.   The  Zenoa  soils  are  noncal- 
careous  throughout. 

Typical  pedon  of  loamy  sand,  undulating  near  Vlh   corner,  sec.  18,  T. 

7  N. ,  R.  96  W. : 

Al — 0  to  3  inches;  light  brownish  gray  (10YR  6/2)  loamy  sand,  dark 
grayish  brown  (10YR  4/2)  moist;  weak  fine  granular  structure;  soft,  very 
friable,  nonsticky  and  nonplastic;  many  fine  and  medium  roots,  slightly 
effervescent;  mildly  alkaline  (pH  7.4);  clear  smooth  boundary  (2  to  8 
inches  thick) . 

C — 3  to  60  inches;  very  pale  brown  (10YR  7/3)  fine  sand,  brown  (10YR 
5/3)  moist,  weak  fine  granular  structure  in  upper  part  becoming  single 
grained  with  depth,  soft,  very  friable,  nonsticky  and  nonplastic;  many 
fine  and  medium  roots  to  about  12  inches,  few  fine  roots  below  that;  vio- 
lently effervescent;  moderately  alkaline  (pH  8.0)  (5  to  many  feet  thick). 

The  A  horizon  has  a  value  of  6  through  8,  5  or  6  moist,  and  chroma 
of  2  or  3  dry  and  moist.   Typically  the  A  horizon  is  calcareous  but  may 
be  leached  in  some  pedons.   The  C  horizon  has  a  hue  of  2 . 5Y  or  10YR, 
value  of  6  through  8  dry,  4  through  6  moist,  and  chroma  of  2  through  4 
dry  or  moist.   The  sands  are  typically  fine  but  may  range  from  fine 
through  coarse.   Reaction  ranges  are  moderate  or  strongly  alkaline. 

Ryan  Park  Series  (coarse-loamy,  mixed  Borollic  Haplargid) 

The  Ryan  Park  series  consist  of  deep,  somewhat  excessively  drained 
soils  formed  in  materials  weathered  from  sandstone.   Ryan  Park  soils  are 
on  nearly  level  to  strongly  sloping  alluvial  fans  and  hills  and  have 
slopes  of  0  to  15  percent.   The  mean  annual  precipitation  is  12  to  15 
inches,  the  mean  annual  soil  temperature  is  45  to  46°  F.,  and  the  frost- 
free  season  is  75  to  95  days. 

Ryan  Park  soils  are  similar  to  Forelle  and  Rock  River  soils.   For- 
elle  and  Rock  River  soils  contain  more  than  18  percent  clay  in  the  B2 
horizons . 

Typical  pedon  of  Ryan  Park  sandy  loam,  0  to  5  percent  slopes: 

Al — 0  to  5  inches;  yellowish  brown  (10YR  5/4)  sandy  loam,  dark  yel- 
lowish brown  (10YR  3/3)  moist;  weak  fine  crumb  structure;  loose,  very 
friable,  nonsticky  and  nonplastic;  mildly  alkaline  (pH  7.4);  clear  smooth 
boundary  (2  to  7  inches  thick). 
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Bl — 5  to  13  inches;  brown  (10YR  5/3)  sandy  loam,  dark  brown  (10YR 
4/3)  moist;  weak  medium  subangular  blocky  structure  that  parts  to  weak 
fine  granules;  slightly  hard,  very  friable,  nonsticky  and  slightly  plas- 
tic; few  thin  clay  films  on  faces  of  peds;  mildly  alkaline  (pH  7.4); 
clear  smooth  boundary  (5  to  9  inches  thick). 

B2t — 13  to  23  inches;  yellowish  brown  (10YR  5/4)  sandy  loam,  dark 
yellowish  brown  (10YR  4/4)  moist;  moderate  coarse  prismatic  structure 
that  parts  to  moderate  medium  subangular  blocky;  slightly  hard,  friable, 
nonsticky  and  slightly  plastic;  common  thin  clay  films  on  faces  of  peds; 
mildly  alkaline  (pH  7.6)  clear  smooth  boundary  (8  to  12  inches  thick). 

B3ca— 23  to  30  inches;  pale  brown  (10YR  6/3)  sandy  loam  brown  (10YR 
4/3)  moist;  weak  coarse  subangular  blocky  structure  that  parts  to  weak 
medium  subangular  blocky;  slightly  hard,  very  friable,  nonsticky  and 
slightly  plastic;  few  thin  clay  films  on  faces  of  peds;  moderately  alka- 
line (pH  8.0);  gradual  wavy  boundary  (4  to  19  inches  chick). 

Clca — 30  to  37  inches;  light  gray  (10YR  7/2)  sandy  loam,  pale  brown 
(10YR  6/3)  moist;  weak  coarse  subangular  blocky  structure;  slightly  hard, 
very  friable,  nonsticky  and  nonplastic;  moderately  alkaline  (pH  8.4) 
abrupt  wavy  boundary  (5  to  15  inches  thick) . 

IIC2ca — 37  to  39  inches;  very  pale  brown  (10YR  7/3)  gravelly  sandy 
loam,  yellowish  brown  (10YR  5/4)  moist;  massive;  slightly  hard;  very  fri- 
able; nonsticky  and  nonplastic;  20  percent  gravel;  moderately  alkaline 
(pH  8.4);  abrupt  smooth  boundary. 

IIC3 — 39  to  60  inches;  very  pale  brown  (10YR  7/4)  sand,  yellowish 
brown  (10YR  5/4)  moist;  single  grain;  loose,  nonsticky  and  nonplastic; 
mildly  alkaline  (pH  7.6). 

The  A  horizon  has  a  hue  of  10YR,  a  value  of  5  or  6  dry,  4  or  5  moist, 
and  a  chroma  of  2  or  3.   The  texture  is  a  sandy  loam  or  loamy  sand.   The 
B  horizons  have  a  hue  of  10YR  or  7.5YR,  a  value  of  5  or  6  dry,  4  or  5 
moist,  and  a  chroma  of  3  or  4.   The  texture  is  a  sandy  loam.   The  C  hori- 
zons have  hues  of  10YR,  a  value  of  6  or  7  dry,  5  or  6  moist,  and  a  chroma 
of  3  or  4.   The  texture  is  a  sandy  loam,  loamy  sand,  or  sand. 


Soil  Survey  Interpretations 

Data  on  the  soil  survey  interpretations  can  be  obtained  from  the 
State  Office  of  the  Soil  Conservation  Service. 
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INTRODUCTION 


This  report  describes  the  results  of  a  study  conducted  for  the  Bureau 
of  Reclamation  to  characterize  soil  and  geological  overburden  materials 
from  the  EMRIA  Lay  Creek,  Colorado  study  site. 

The  study  reported  herein  is  a  portion  of  a  larger  overburden  char- 
acterization study  being  made  jointly  by  the  Bureau  of  Reclamation  and 
Colorado  State  University. 

The  objectives  of  this  portion  of  the  study  were: 

1.  Laboratory  characterization  to  describe  the  geochemical  na- 
ture of  soil  and  geologic  overburden  materials. 

2.  Greenhouse  growth  studies  and  accompanying  plant  tissue  an- 
alyses to  determine  the  potential  opportunities  and/or  con- 
straints that  these  materials  offer  as  plant  growth  media. 

3.  Post-harvest  laboratory  analyses  to  determine  any  changes 
in  the  chemical  nature  of  the  material  as  a  result  of  the 
greenhouse  experiment. 
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PART  I 


PROCEDURES 


Laboratory  Procedures 

Following  are  the  laboratory  methods  used  to  analyze  the  soil  and 
geologic  material  for  those  properties  selected  as  a  basis  for  determin- 
ing plant  growth  suitability. 

Extractable  Phosphorus 

Determined  on  a  spectrophotometer  from  a  sodium  bicarbonate  extract. 
The  values  are  reported  in  parts  per  million  P  and  are  an  index  of  avail- 
able P. 

Exchangeable  Potassium 

Determined  on  the  atomic  absorption  spectrophotometer  from  an  ammo- 
nium acetate  extract.   The  values  are  reported  as  parts  per  million  K. 

Organic  Matter 

Determined  by  wet  oxidation  with  spontaneous  heat  of  reaction.   The 
results  are  determined  colormetrically  and  reported  as  percent  organic 
matter  (%  O.M.) . 

Plant  Available  Zinc,  Iron,  Manganese  and  Copper,  Cadmium,  Nickel  and 
Lead 

Determined  on  the  atomic  absorption  spectrophotometer  from  an  ex- 
tracting solution  of  diethylenetriamine  pentaacetic  acid  (DTPA) .   The 
results  are  reported  in  parts  per  million  of  Zn,  Fe,  Mn,  Cu,  Cd,  Ni ,  and 
Pb. 

Salinity  (Electrical  Conductivity) 

Determined  by  a  solu-bridge  from  a  saturation  extract.   The  results 
are  reported  as  electrical  conductivity  in  millimhos  per  centimeter 
(mmhos/cm) . 

Exchangeable  Sodium  Percentage  (ESP) 

Determined  by  atomic  absorption  spectrophotometer  and  calculated  by: 

ESP  =  Exchangeable  sodium  meq/100  gm  x  jqq 
CEC 
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Cation  Exchange  Capacity  (CEC) 
Determined  by: 

CEC  meq/lOOg  =  Exchangeable  Na  meq/1  x  10 
weight  of  sample  in  grams 

Sodium  Adsorption  Ratio  (SAR) 

Prepared  from  a  saturation  extract  read  on  the  atomic  absorption 
spectrophotometer  and  determined  by: 

Na 


SAR  =  ,/Ca  +  Mg 
2 

pH 

Determined  with  a  combination  electrode  pH  meter  on  a  saturated  soil 
paste . 

Total  Arsenic,  Selenium,  Boron  and  Molybdenum 

Determined  by  hot  water  extractable  method  on  the  atomic  absorption 
spectrophotometer. 

Plant  Analysis 

Plants  were  digested  with  perchloric  acid  and  determinations  run  on 
the  atomic  absorption  spectrophotometer. 

Plant  Nitrogen 

Determined  by  the  Tecator  Block  method  and  read  by  titration  after 
distillation.   Recorded  as  %  N. 

Greenhouse  Procedures 

Soil  and  geologic  material  received  from  the  Bureau  of  Reclamation 
laboratory  had  been  ground  to  approximately  2  mm  size  for  greenhouse  and 
additional  chemical  analyses.   One  kilogram  of  soil  was  used  per  pot  and 
each  pot  was  replicated.   Each  sample  was  placed  in  a  plastic  bag  in  a 
round  container  and  assigned  a  greenhouse  identification  number. 

Fertilizer  Treatment 

Before  planting,  fertilizer  was  applied  at  a  rate  of  150  ppm  nitro- 
gen as  reagent  grade  NH4NO3 ;  80  ppm  of  phosphorus  as  a  combination  of 
KH2PO4  and  Ca(H2P04)2-   H2O  and  80  ppm  potassium  as  KH2PO4.   This  was 
done  along  with  preplant  watering. 
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Before  the  fertilizer  was  added,  50-100  g  of  soil  was  removed  from 
each  pot  after  which  the  fertilizer  and  water  was  put  on.  Additional  N 
was  applied  at  50  ppm  rate  21  days  after  seedling  emergence. 

Planting 

The  pots  were  planted  with  75  seeds  of  western  wheatgrass  (Agropyron 
smithii  var.  arriba) .   The  seeds  were  evenly  distributed  in  the  pots  and 
covered  with  the  soil  that  was  removed  before  fertilization. 

The  pots  were  covered  with  plastic  to  reduce  evaporation  and  were 
checked  daily  to  assure  that  the  soil  remained  moist. 

After  planting,  unseasonably  hot  weather  was  experienced  with  tem- 
peratures in  the  greenhouse  being  well  over  100°  F.   This  seemed  to  deter 
germination  almost  100  percent.   After  a  20-day  period  with  virtually  no 
germination,  we  replanted,  placing  60  seeds  on  top  of  the  soil  and  cover- 
ing with  vermiculite.   This  new  planting  was  successful. 

In  this  experiment,  we  did  not  thin  the  plants,  hoping  to  have  an 
average  of  60  plants  per  pot.   After  consulting  other  researchers  in- 
volved in  similar  work  as  well  as  from  our  own  experience,  we  felt  that 
60  plants  would  not  put  undue  stress  on  the  pot  and  our  yields  would  show 
more  significant  differences.   This  would  also  give  us  more  plant  mate- 
rial for  plant  analysis.   An  average  of  58  plants  per  pot  was  calculated 
for  the  complete  experiment. 

Daily  Management 

All  pots  were  weighed  every  other  day  and  brought  to  field  capacity 
with  distilled  water.   The  greenhouse  lights  were  set  to  allow  15-16 
hours  of  daylight. 

Pots  were  rotated  on  a  regular  basis  to  allow  for  changes  in  temper- 
ature and  lighting  within  the  greenhouse.   All  pots  were  randomly  arranged 
on  the  table. 

Seven  days  after  germination,  our  plants  were  hit  with  a  fungus  with 
some  kill-back  on  a  few  pots.   We  treated  this  for  a  two-week  period  by 
burning  sulfur  at  night.   After  the  two-week  treatment,  the  plants  out- 
grew the  fungus  problem. 

Harvest 

Generally,  we  harvest  at  approximately  48  days  after  planting,  but 
due  to  germination  and  fungus  problems  combined  with  a  week  of  cloudy 
weather,  we  allowed  these  plants  to  go  57  days  before  harvesting. 

The  plants  were  cut  at  about  2  cm  above  the  soil  surface.   Plants 
were  then  placed  in  brown  paper  bags  and  dried  at  60°  C  for  48-60  hours 
in  a  forced  air  oven.   After  drying,  the  plants  were  weighed  and  weights 
recorded. 
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Statistical  Analysis 

Cluster  analysis  of  selected  data  was  performed  on  all  the  samples 
from  the  Lay  Creek  Site.  The  data  set  used  to  perform  the  analysis  con- 
sisted of  pH,  organic  matter  percent,  salinity,  exchangeable  sodium  per- 
centage and  totals  of  sand,  silt,  and  clay.  This  particular  set  of  data 
was  used  because  the  criteria  for  evaluating  these  variables  are  thought 
to  be  very  reliable.  The  results  of  the  initial  cluster  analysis  are 
shown  in  Table  1. 

The  purpose  of  performing  a  cluster  analysis  was  to  statistically 
develop  groups  of  samples  which  showed  a  high  degree  of  association  within 
each  group  and  a  low  degree  of  association  between  groups.   The  representa- 
tive groups  which  were  developed  served  as  a  pool  for  selecting  samples  to 
perform  post-harvest  analyses. 


Criteria  for  Evaluation 

The  properties  considered  and  criteria  used  for  making  suitability 
interpretations  are  shown  in  Table  2. 


Evaluating  Toxic  Elements 

The  toxic  elements  considered  and  evaluated  in  this  study  are  those 
thought  to  be  of  most  importance  from  the  standpoint  of  toxicity  to  plant, 
fish,  animals  and  man. 

Toxicity  of  these  elements  to  plants,  animals  and  man  have  been  re- 
ported for  some  elements,  but  in  most  cases,  well  accepted  critical  levels 
have  not  been  established. 

Our  approach  in  this  study  has  been  to  evaluate  soil,  geologic  and 
plant  tissue  analyses  data  to  determine  if  levels  are  approaching  what 
the  current  state  of  the  art  is  relative  to  potential  toxicity  problems 
and  then  identifying  and  discussing  a  particular  problem  on  a  sample  by 
sample  basis.   Our  sources  of  literature  for  making  these  evaluations 
are  listed  on  page  183. 

The  current  thought  by  our  group  is  that  there  is  insufficient  cri- 
teria available  for  establishing  interpretive  guidelines  for  evaluating 
potential  toxicity  problems  as  was  done  for  other  factors  identified  in 
Table  2.   The  "state  of  the  art  knowledge"  dictates  that  we  evaluate  tox- 
icity problems  on  a  sample  by  sample-element  by  element  basis  using  the 
most  current  and  what  appears  to  be  the  most  applicable  information  avail- 
able at  this  particular  time.   Sources  of  information  utilized  for  making 
our  evaluations  are  listed  on  page  183. 
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Table  1 
Initial  groups  developed  from  cluster  analysis 


Cluster  1       Cluster  2    Cluster  3    Cluster  4   Cluster  5   Cluster  6    Cluster  7   Cluster 


DH-1    iil 

DH-1   #3 

DH-1   it  2 

DH-1   //4 

DH-1   b 

DH-1   a 

DH-2   e 

DH-2   it 2 

DH-2    f 

DH-2  a 

DH-2    i 

DH-2  b 

DH-3   //l 

DH-2   g 

DH-4  //i 

DH-3   it! 

DH-2   ill   control 

DH-3   it! 

DH-3  a 

DH-3  b 

DH-4   #2 

DH-4   //5 

DH-4  a 

DH 

-2 

//') 

DH 

-4 

//3 

DH 

-4 

//4 

DH-2  //4      DH-2  c      DH-3  c      DH-3  e      DH-3  i 

DH-3  m 
DH-4  k 


DH-2 

c 

DH-2 

d 

DH-2 

h 

DH-2 

.1 

DH-2 

k 

DH-3 

1 

DH-3 

c 

DH-3 

d 

DH-3 

f 

DH-3 

1 

DH-3 

o 

DH-4 

b 

DH-4 

c 

DH-4 

d 

DH-4 

e 

DH-4 

f 

DH-4 

g 

DH-4 

h 

DH-4 

i 

DH-4 

1 

DH-4 

m 

DH-3 

R 

DH-3 

e 

DH-3 

h 

DH-3 

k 

DH-3 

n 

DH-4 

1 
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Class 


Very  fine   sandy  loam   (vfsl) 


Fine  sandy   loam 

Sandy   loam 

Loam 

Silt  loam 

Loamy  fine  sand 

Loamy  sand 

Clay  loam 

Sandy  clay  loam 

Silty  clay  loam 

Sand 

Clay 

Sandy  clay 

Silty  clay 


(fsl) 

(si) 

(1) 

(sil) 

(lfs) 

(Is) 

(cl) 

(scl) 

(sicl) 

(s) 

(c) 

(sc) 

(sic) 


Rating 


Good 
Good 
Good 
Good 
Good 
Fair 
Fair 
Fair 
Fair 
Fair 
Poor 
Poor 
Poor 
Poor 


6. 0-8. A 
5.0-6.0; 
<5.0; 


_e!L 


Available  phosphorus^-' 
Soil 
phosphorus 

Soil  test   fertility 

Rating    (ppm  P)     status 


Available  potass iumi/ 
Soil 
potassium 
Soil  test   fertility 
(ppm  K)     status  _ 


Table  2 

Criteria  for  evaluating  laboratory  characterization 

data  for  determining  plant  growth  suitability 


2/ 


Available  zinc-r/ 


Available  iron- 


5.4-8.9 
J. 9 


Good 
Fair 
Poor 


0.7 

>7 


Deficient 
Adequate 


0-60 
.60 


Deficient 
Adequate 


Soil  test 
(ppm  Zn) 


Availability  status 


0-0.5 
.5 


Potentially  deficient 
Adequate 


Soil  test 
(PPm  Fe) 


Availability  status 


Available  copper  and  manganese 
Soil  test 
(ppm  Cu 
or  Mn)      Availabili^  status 


Sodium^' 


SalinityJ 


Soil  test 
(mmhos/cm) 


0-2.0 
•2.0 


Potentially  deficient 
Adequate 


0-0.5 
>.5 


Potentially  deficient 
Adequate 


0-4 

4-8 
>8-12 


Rating 


Acceptable 

Marginal 

Poor  to  unsuitable 


Exchange- 

able sodium 

percent 

Rating 

0-10 

Acceptable 

10-15 

Marginal 

>15 

Nonacceptable 

1/  Criteria  for  evaluating  the  overburden  characteristics  were  developed  using  proposed  guidelines  developed  by  the  Western  Regional  Soil 
Survey  Work  Planning  Committee  on  "Guidelines  for  Evaluating  Soil  and  Overburden  Characteristics  in  Strip-Mine  Reclamation." 
2/  Criteria  are  based  on  current  Colorado  State  University  Soil  Testing  Laboratory  soil  interpretation  guidelines. 
3/  Based  on  Bureau  of  Reclamation  Land  Suitability  Classification  Salinity  Evaluation. 
4/  From  "Procedures  Recommended  for  Overburden  and  Hydrologic  Study  of  Surface  Mines"  (Heil,  Deutsch,  et  al,  1979). 
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PLANT  GROWTH  SUITABILITY  EVALUATION 
BASED  ON  LABORATORY  CHARACTERIZATION 


This  portion  of  the  evaluation  and  characterization  study  involved 
two  steps.   An  initial  evaluation  was  performed  to  identify  the  chemical 
and/or  physical  problems  associated  with  the  materials  that  influence 
plant  growth.   This  resulted  in  the  development  of  "Problem  Identifica- 
tion Categories."   Secondly,  the  "Problem  Identification  Categories"  were 
further  grouped  into  what  are  described  as  "Problem  Area  Groups."   The 
purpose  of  this  latter  grouping  was  to  identify  particular  problem  areas 
such  as  fertility,  salinity,  pH,  texture,  etc.,  which  are  more  meaning- 
ful for  evaluating  the  magnitude  of  potential  long  term  management  and 
environmental  concerns.   Following  is  described  the  evaluation  process 
used  for  interpreting  plant  growth  suitability  on  the  basis  of  labora- 
tory characterization  data. 


Development  of  Problem  Identification  Categories 

Basic  to  determining  plant  growth  suitability  is  the  identification 
of  the  specific  kinds  of  problems  that  affect  the  use  of  a  material  for 
this  purpose.   First,  it  is  essential  to  evaluate  these  chemical  and 
physical  properties  most  important  in  affecting  plant  growth.   Next,  cri- 
teria must  be  established  for  making  a  suitability  interpretation.   The 
properties  considered  and  criteria  used  for  interpretation  in  this  part 
of  the  study  are  shown  in  Table  2  on  page  182.   The  chemical  and  physical 
data  used  for  this  evaluation  are  shown  in  Table  8  on  page  194.   This 
step  in  the  evaluation  process  resulted  in  the  identification  of  26  "Prob- 
lem Identification  Categories"  which  are  described  in  Table  3. 

A  study  of  these  categories  indicates  that  the  following  specific 
kinds  of  limitations  exist  in  terms  of  the  suitability  of  the  materials 
as  plant  growth  media. 

1.  Phosphorus  and/or  potassium  deficiencies  are  common  to 
nearly  all  samples. 

2.  Micronutrient  deficiencies  are  common  with  deficiencies 

in  copper  being  the  most  common.   It  is  important  to  point 
out  that  the  criteria  used  for  evaluating  micronutrient 
deficiencies  are  based  on  deficiencies  associated  with  ag- 
ronomic crops  sensitive  to  these  elements.   Thus,  the  mi- 
cronutrient deficiencies  must  be  considered  somewhat  arbi- 
trary.  Overall,  we  suspect  that  micronutrients  would  not 
be  a  major  fertility  problem. 

3.  Texture  has  been  identified  as  being  a  potential  concern 
with  a  large  number  of  samples.   High  runoff  potential 
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Table  3 
Description  of  "Problem  Identification  Categories" 


Problem  iden- 
tification 
categories 


Site  Sample  Number 


Description 


1 

2 

3 

4 

5 
6 
7 
8 
9 

10 

11 

12 

13 

14 
15 
16 

17 

18 

19 
20 
21 

22 

23 

24 

25 

26 


DH-1  #1,  DH-1  //4,  DH-2a, 

DH-2b,  DH-2c,  DH-2e 

DH-1  #3,  DH-2  Itl,    DH-2  //2 

DH-2g,  DH-21 

DH-2j 

DH-2h 


DH- 
DH- 
DH- 
DH- 
DH- 

•la 

■3  in 

■lb,    DH 
■3   //2, 
■1  n 

-2f 
DH-4 

#1 

DH- 

■3   //3 

DH- 

•2d 

DH- 

•31 

DH- 

•2K 

DH-4  //2 
DH-4  #5 
DH-3b,  DH-3e,  DH-3h,  DH-3i, 

DH-3k,  DH-3o,  DH-4e 
DH-3n 

Dh-41 

DH-4  #3 

DH-4h,  DH-4j ,  DH-4k 

DH-3a 

DH-4  H 

DH-2  If  3 

DH-2  //4 

DH-3c,  DH-4d,  DH-4f,  DH-4i, 
DH-4m 

DH-3d,  DH-3f,  DH-3g,  DH-3j , 
DH-3m,  DH-4b,  DH-4c, 
DH-4g,  DH-4a 


P — deficient 

P — deficient;  pH — fair 

P — deficient;  pH — poor;  Cu  and  Mn — potentially 
deficient 

P — deficient;  Cu — potentially  deficient; 
pH — poor 

Texture — fair 

P — deficient;  texture — fair 

P — deficient;  texture — poor 

P — deficient;  pH — fair;  texture — fair 

P — deficient;  Cu — potentially  deficient; 
texture — fair 

P — deficient;  Cu — potentially  deficient;  pH — 
fair;  texture — fair 

P-K — deficient;  pH — fair;  Cu — potentially  de- 
ficient"; texture — fair 

P-K — deficient;  pH — poor;  Cu — potentially  de- 
ficient; texture — fair 

P-K — deficient;  Cu — potentially  deficient; 
sodium — marginal 

P — deficient;  pH — fair;  sodium — marginal 

P — deficient;  pH — fair;  sodium — unacceptable 

P — deficient;  pH — poor;  sodium — unacceptable 

P-K — deficient;  pH — poor;  Cu — potentially  de- 
ficient; sodium — unacceptable 

K — deficient;  pH — poor:  Cu — potentially  defi- 
cient; sodium — unacceptable 

Salinity — marginal ;  sodium — marginal 

pH — fair;  sodium — unacceptable;  texture — fair 

P — deficient;  pH — poor;  sodium — marginal; 
texture — poor 

P — deficient;  salinity — marginal;  sodium — 
marginal 

pH — fair;  salinity — marginal;  sodium — 
unacceptable 

Fe  and  Cu — potentially  deficient;  salinity — 
poor;  sodium — marginal 

P — deficient;  pH — poor;  sodium — unacceptable; 
texture — poor 

P — deficient;  pH — poor;  sodium — unacceptable; 
texture — fair 
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and  erosion  due  to  the  slow  infiltration  rates  of  fine  tex- 
tured materials  would  be  the  major  problem.   The  high  runoff 
potential  is  a  concern  both  as  it  affects  environmental  qual- 
ity as  well  as  plant  growth. 

4.  Sodium  problems  are  common  to  many  materials. 

5.  High  pH. — Some  question  could  be  raised  concerning  the  uti- 
lization of  pH  as  a  single  criteria  for  evaluating  the  suit- 
ability of  materials.   According  to  the  criteria  shown  in 
Table  2,  a  number  of  materials  would  be  rated  poor  based  on 
high  pH.   Yet  the  yield  data  shown  in  Table  6  of  this  report 
would  suggest  that  in  several  cases  (compare  yield  and  lab- 
oratory data  for  samples  DH-2j  and  DH-2g) ,  pH  should  not  be 
used  as  an  indicator  of  suitability.   We  developed  the  "Prob- 
lem Identification  Categories"  and  "Problem  Area  Groups"  by 
strictly  following  the  criteria  shown  in  Table  2.   Modifi- 
cation of  our  interpretations  based  on  pH  may  be  appropri- 
ate. 

In  summary,  deficiencies  in  phosphorus,  potassium  and  possibly  cop- 
per; high  levels  of  sodium;  high  pH;  and  texture  appear  to  be  the  kinds 
of  specific  problems  associated  with  the  materials  studied  in  terms  of 
plant  growth  suitability. 


Development  and  Description  of  "Problem  Area  Groups" 

The  development  of  "Problem  Identification  Categories"  was  the  first 
step  in  evaluation  of  materials  for  plant  growth  media.   Recognizing  that 
some  of  these  categories  could  be  grouped  on  the  basis  of  problem  areas, 
i.e.,  fertility,  texture,  etc.,  we  further  grouped  the  categories  into 
"Problem  Area  Groups."   This  grouping  better  identifies  the  magnitude  of 
the  kinds  and  combinations  of  problems  and  are  also  more  meaningful  from 
a  management  decision  point  of  view. 

Descriptions  of  the  "Problem  Area  Groups"  and  the  basis  used  for  de- 
termining relative  suitability  rating  are  shown  in  Table  4. 

A  summary  of  relative  suitability  ratings  by  "Problem  Area  Groups" 
are  shown  in  Table  5. 
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Table  4 
Descriptions  of  "Problem  Area  Groups' 


Problem  area  groups 


Description  and  basis  for  suitability  rating 


1.   Fertility,  pH — fair 


2.   Fertility,  pH — poor 


3.   Texture — fair 


4.   Fertility,  texture — fair 


This  group  includes  Problem  Identification  Categories  1  and  2.   P-deficiency 
alone  affects  this  group  of  materials  as  a  plant  growth  media.   These  mate- 
rials are  suitable  as  plant  growth  media  if  fertilizers  are  added  to  elimin- 
ate the  deficiency.   These  materials  are  classed  as  suitable. 

This  includes  categories  3  and  4  and  is  characterized  by  P-deficiency.   The 
pH  value  is  over  8.9.   These  materials  are  classed  as  questionable  because  of 
high  pH. 

This  includes  category  5  and  silty  clay  loam  texture  increases  the  material's 
potential  eroslveness.   This  material  is  classified  as  suitable. 

This  includes  category  6  and  is  characterized  by  P-deficiency  and  clay  loam 
texture.   Problems  due  to  erosion  may  be  a  problem.   This  material  may  be 
suitable  for  plant  growth  if  sufficient  water  is  available  and  erosion  con- 
trolled. 


5.   Fertility,  texture — poor 


6.   Fertility,  texture — fair 
pH— fair 


7.   Fertility,  pH — poor 
Texture — fair 


This  includes  category  7  and  is  characterized  by  P-deficiency  and  clay  tex- 
tures.  Clay  materials  have  a  high  water  erosion  potential  and  if  erosion  oc- 
curs may  affect  environmental  quality.   These  materials  may  be  questionable 
due  to  potential  erosion  problems. 

This  includes  categories  8,  9,  10,  and  11  and  is  characterized  by  P  alone  or 
either  with  K  and  Cu  deficiency.  pH  is  fair  and  texture  is  clay  loam  or  loamy 
sands.   This  increased  susceptibility  to  erosion  from  either  water  (CL)  or 
wind  (LS).   These  materials  are  classified  as  questionable. 

This  includes  category  12  where  there  is  P  and  K  deficiency  along  with  Cu  po- 
tential deficiency.   The  pH  is  high,  over  8.9  and  the  texture  is  a  loamy  sand 
susceptible  to  wind  erosion  and  also  may  limit  available  water  for  plant 
growth.   These  materials  are  classified  as  questionable  because  of  pH  and 
texture. 


8.   Fertility,  sodium- 
marginal 


9.   Fertility,  pH — fair 
Sodium — marginal 


10.   Fertility,  pH — fair  to  poor 
Sodium — marginal 


11.   Salinity — marginal 
Sodium — marginal 


12.   pH— fair 

Sodium — unacceptable 
Texture — fair 


This  includes  category  13  where  there  is  a  P-K  deficiency  along  with  poten- 
tially deficient  Cu  and  a  marginal  sodium  level.   Marginal  sodium  level  in- 
creases water  erosion  potential  by  reducing  the  amount  of  plant  growth  and 
decreasing  infiltration  rates,  thus  causing  more  runoff.   Materials  in  this 
group  are  classified  as  unsuitable. 

This  includes  category  14.   P-deficiency,  marginal  sodium  and  pH  of  8.4-8.9 
characterize  this  group.   This  material  may  be  considered  unsuitable  because 
of  potential  effect  of  sodium. 

This  includes  Problem  Identification  Categories  15,  16,  17,  and  18.   These 
include  P  or  K  alone  or  together  with  Cu  potential  deficiency,  a  pH  of  gener- 
ally more  than  8.9  and  high  sodium.   Due  to  detrimental  affects  of  sodium  and 
high  pH  on  plant  growth  and  potential  erosion  problems  caused  by  same,  this 
group  is  classified  as  unsuitable. 

This  includes  Problem  Identification  Category  19  and  is  characterized  by  a 
conductivity  of  4-8  mmhos/cm.   Marginal  salinity  levels  may  affect  plant 
growth  unless  salt  tolerant  species  are  selected.   The  materials  are  classed 
as  questionalbe  due  to  salinity  and  sodium. 

This  includes  category  20  with  pH  of  8.4-8.9,  high  sodium  levels  and  a  clay 
loam  or  silty  clay  loams.   Due  to  effect  of  high  sodium,  these  materials  are 
classified  as  unsuitable. 


13.   Fertility,  pH — poor 
Sodium — marginal 
Texture — poor 


14.  Fertility,  salinity — 
marginal 

Sodium — marginal 

15.  pH— fair 
Salinity — marginal 
Sodium — unacceptable 

16.  Fertility,  salinity — poor 
Sodium — marginal 


This  includes  category  21  and  is  characterized  by  P-deficiency,  pH  of  over 
8.9,  a  moderate  sodium  and  a  silty  clay.   The  high  pH  with  an  erosion  poten- 
tial caused  by  the  moderate  sodium  in  combination  with  the  silty  clay  make 
this  material  unsuitable  for  plant  growth. 

This  includes  Identification  Category  22  and  is  characterized  by  P-deficiency, 
a  moderate  salt  and  sodium  problem.   This  material  is  classified  questionable 
for  plant  growth. 

This  includes  Problem  Identification  Category  23  and  has  a  pH  of  8.4-8.9,  a 
moderate  salinity,  and  very  high  sodium  level  making  it  unsuitable  to  all  but 
very  salt  tolerant  plant  growth.   This  material  is  classified  as  unsuitable. 

This  includes  Problem  Identification  Category  24  and  is  characterized  by  po- 
tential Cu  and  Fe  deficiency  along  with  salinity  at  a  level  over  8  mmhos/cm 
and  moderate  sodium  levels.   Due  to  erosion  and  salt  problems  these  materials 
are  classified  as  unsuitable. 


17.   Fertility,  pH — poor 
Sodium — unacceptable 
Texture — fair  to  poor 


This  includes  categories  25  and  26  and  are  seen  to  have  P-deficiency  along 
with  very  high  pH  over  8.9,  high  sodium  (ESP  15  or  over)  and  textures  silty 
clays,  clay,  and  clay  loams.   The  combination  of  high  sodium  and  poor  tex- 
tures tends  to  suggest  permeability  and  erosion  problems  and  makes  these  ma- 
terials  unsuitable  for  plant  growth  media. 
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Table  5 
Summary  of  suitability  ratings 
developed  on  the  basis  of 
laboratory  characterization  data 


Problem 

Area  Group 

Number 


Relative 
rating 


1 

2 

3 

4 

5 

6 

7 

8. 

9 

10 

11 

12 

13 

14 

15 

16 

17 


Suitable 

Questionable 

Suitable 

Suitable 

Questionable 

Questionable 

Questionable 

Unsuitable 

Unsuitable 

Unsuitable 

Questionable 

Unsuitable 

Unsuitable 

Questionable 

Unsuitable 

Unsuitable 

Unsuitable 
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In  addition  to  the  physical  and  chemical  data  shown  in  Table  8  on 
page  194,  analyses  were  carried  out  to  identify  and  evaluate  changes  in 
chemical  characteristics  as  a  result  of  the  weathering  environment  cre- 
ated in  the  greenhouse  experiment.   Postharvest  analyses  of  selected  sam- 
ples consisted  of  plant  available  P  and  K;  DTPA  extrac table  Zn,  Fe ,  Mn, 
Cu,  Cd ,  Ni,  and  Pb ;  pH;  electrical  conductivity;  cation  exchange  capacity; 
exchangeable  sodium  percentage;  sodium  adsorption  ratios;  and  hot  water 
extractable  B,  Mo,  As,  and  Se.   Representative  samples,  based  on  prehar- 
vest  chemical  analyses  were  selected  from  each  of  seven  computer  gener- 
ated cluster  analyses  groups.   Postharvest  soil  analyses  results  are 
shown  in  Table  9  on  page  195. 

A  summary  of  the  postharvest  chemical  analyses  shown  in  Table  9  show 
the  following  important  relationships. 

1.  The  pH  values  of  all  selected  samples  show  a  marked  decrease 
from  preplant  to  postharvest.   These  changes  range  from  0.6 
to  1.9  for  the  soil  materials  and  1.7  to  2.0  for  the  geologic 
overburden  materials.   We  feel  these  changes  are  a  result  of 
high  levels  of  CO2  production  by  plant  roots  and  a  reaction 
product  of  carbonic  acid  forming  when  CO2  and  water  are  com- 
bined.  In  a  field  situation,  this  pH  change  would  be  re- 
stricted to  the  plant  rooting  zone  and  should  be  highly  cor- 
related to  the  amount  of  root  biomass  produced.   These  de- 
grees of  decrease  in  pH  had  not  been  observed  in  similar 
experiments  conducted  by  ourselves  where  soil  and  geologic 
materials  were  being  evaluated. 

2.  The  preplant  vs.  postharvest  electrical  conductivities  in- 
creased in  all  samples  tested.   The  magnitude  of  increase 
for  all  but  the  surface  soil  samples  (DH-1  #1;  DH-4  #1;  DH-2 
#1;  DH-1  #3)  was  great  enough  to  shift  the  ratings  to  a 
lesser  degree  of  suitability,  i.e.,  acceptable  materials 
became  marginal;  marginal  materials  became  unsuitable,  etc. 
It  must  be  noted  that  the  greenhouse  pots  were  not  freely 
drained,  thus  salts  could  accumulate.   This  may  not  happen 

in  a  well  drained  field  situation.   Thus,  the  rating  of  mate- 
rials was  not  changed  due  to  this  factor. 

3.  In  most  cases  the  exchangeable  sodium  percentages  (ESP) , 
which  are  defined  as  the  extent  to  which  the  adsorption 
complex  of  a  material  is  occupied  by  sodium,  decreased. 
These  decreases  ranged  from  0.2  to  12.0  percent.   The  mag- 
nitude of  decrease  in  each  case  was  not  large  enough  to 
shift  the  suitability  ratings.   It  appears  from  preplant 
vs.  postharvest  ESP  data  that  materials  with  initially 


189 


APPENDIX  E— GREENHOUSE  STUDY  PART  III— POSTHARVEST  EVALUATION 


high  values  will  remain  at  a  critical  level  (marginal  to 
nonacceptable)  from  a  plant  growth  or  environmental  qual- 
ity point  of  view.   Likewise,  materials  with  initially  low 
ESP  values  will  remain  at  a  level  that  will  not  be  detri- 
mental to  plant  growth. 

Postharvest  analyses  of  the  selected  materials  showed  a  re- 
duction, from  adequate  to  potentially  deficient,  in  plant 
available  zinc  in  the  soil  materials  (DH-1  //l;  DH-4  #1;  DH-2 
#1;  DH-1  #3;  DH-4  #5;  DH-4  #4).   Zinc  levels  remained  at  an 
adequate  level  in  the  geologic  materials  from  preplant 
through  postharvest  period. 

Extractable  data  on  postharvest  levels  of  Cd,  Ni ,  Pb ,  B, 
Mo,  As,  and  Se  appear  to  be  relatively  low  and  do  not  in- 
dicate any  potential  problems.   Levels  of  As  and  Se  for 
all  samples  were  below  the  detection  limit  of  0.5  ppm.   It 
is  important  to  note  that  even  though  extractable  chemical 
analysis  data  closely  approximate  the  actual  soil  solution 
condition,  very  little  data  is  available  that  correlates 
plant  uptake  with  extractable  levels  of  elements,  particu- 
larly with  regard  to  native  species. 
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Greenhouse  growth  studies  along  with  plant  tissue  analyses  were  car- 
ried out  to  aid  in  evaluation  of  materials  as  plant  growth  media  and  to 
verify  any  performance  and/or  plant  growth  characteristics  predicted  from 
laboratory  characterization  data  of  the  overburden  materials  studied. 

The  greenhouse  growth  study  is  described  in  Part  I  of  this  report  as 
to  methods  and  procedures.   The  results  of  this  study  are  shown  in  Table 
6  by  sample  within  each  "Problem  Area  Group."   Yields  reported  reflect 
the  mean  value  for  all  replications  of  the  material. 

The  results  of  the  greenhouse  study  appear  to  indicate  the  follow- 
ing. 

1.  Sodium  (ESP)  and/or  salinity  (EC)  showed  a  depressing  ef- 
fect on  yields  as  their  concentrations  increase  in  mate- 
rials. 

2.  Materials  affected  only  with  fertility,  pH  and  texture  as 
potential  problems  showed  consistently  the  highest  yields 
for  the  experiment  (Problem  Area  Groups  1,  3  and  4). 

3.  Materials  in  "Problem  Area  Groups"  8,  13,  and  16  show 
yields  approaching  those  of  the  best  materials  identified 
in  2  above.   These  groups  are  typified  by  being  classed 
as  marginal  in  regards  to  sodium  but  are  only  a  percent 
or  two  above  the  acceptable  limit  set  at  10  percent. 

4.  "Problem  Area  Group"  7  shows  an  average  yield  of  2.47 
gram/pot.   Materials  within  the  group  have  textures  of 
loamy  sand  thus  were  rated  as  questionable  for  plant 
growth  because  of  droughtiness .   The  high  yield  values  ob- 
tained show  an  important  point  with  regard  to  greenhouse 
studies  in  that  the  environment  created  for  plant  growth 
is  somewhat  controlled  with  water,  sunlight  and  fertility 
never  lacking.   Thus,  as  demonstrated  through  the  material 
of  "Problem  Area  Group"  7  greenhouse  results  may  be  mis- 
leading. 

Plant  tissue  analyses  data  from  selected  materials  are  shown  in 
Table  7.   These  selected  samples  correspond  to  the  samples  used  for  post- 
harvest  laboratory  analyses  in  Part  III  of  this  report. 

A  review  of  the  plant  tissue  analyses  data  indicates  the  following. 

1.   Total  zinc  concentrations  are  higher  in  plants  from  the 

geologic  overburden  materials  than  those  from  soils.   This 
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Table  6 
Average  yield  values  for  samples  within  each  problem  area  group 


Problem 
Area  Group 


Sample 
Number 


Average 
yield 


Problem     Sample      Average 
Area  Group   Number yield 


1 

DH-1  //l 

2.34 

DH-1  #4 

2.56 

DH-2a 

2.37 

DH-2b 

2.66 

DH-2c 

1.54 

DH-2e 

2.50 

DH-1  #3 

2.49 

DH-2  #1 

2.02 

DH-2  #2 

2.31 

DH-2g 

1.91 

DH-2i 

2.05 

2 

DH-2J 

2.16 

D 

DH-2h 

1.79 

3 

DH-la 

2.00 

4 

DH-3  #1 

2.14 

5 

DH-lb 

1.75 

DH-2f 

1.96 

6 

DH-3  #2 

1.34 

DH-4  #1 

1.60 

DH-1  #2 

1.54 

DH-3  #3 

1.46 

DH-2d 

1.83 

11 

DH-4  #3 

1.72 

12 

DH-4h 

1.38 

DH-4J 

1.34 

DH-4k 

1.65 

13 

DH-3  a 

2.09 

14 

DH-4  #4 

1.44 

15 

DH-2  #3 

1.81 

16 

DH-2  #4 

2.10 

17 

DH-3c 

1.88 

DH-4d 

1.70 

DH-4f 

1.81 

DH-4i 

1.46 

DH-4m 

1.77 

DH-3d 

1.77 

DH-3f 

2.15 

DH-3g 

1.22 

DH-3J 

1.71 

DH-3m 

1.49 

DH-4b 

1.78 

DH-4c 

1.59 

DH-4g 

1.78 

DH-4a 

1.20 

DH-31 


2.47 


DH-2k 


2.04 


DH-4  #2 


1.85 


10 


DH-4  #5 

2.47 

DH-3b 

1.91 

DH-3e 

2.15 

DH-3h 

2.25 

DH-3i 

1.24 

DH-3k 

1.16 

DH-3o 

1.96 

DH-4e 

1.87 

DH-3n 

2.09 

DH-41 

2.39 
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Table  7 
Analysis  of  plants  grown  on  selected  materials 


Sampl 

e   No. 

Percent 

ppm 

Nitrogen 

Cluster 

P 

K 

Ca 

Mg 

Na 

B 

Zn 

Fe 

Mn 

Cu 

Ni 

Mo 

Cd 

(percent) 

1 

DH-1 

//I 

A 

0.26 

3.22 

0.61 

0.22 

<0.01 

5 

12 

56 

68 

6 

<2 

<2 

<2 

3.84 

B 

.30 

3.46 

.61 

.24 

<.01 

5 

13 

126 

51 

7 

<2 

<2 

<2 

3.84 

DH-4 

#1 

A 

.26 

3.36 

.66 

.33 

.05 

11 

11 

157 

109 

10 

<2 

<2 

<2 

3.89 

B 

.29 

3.72 

.73 

.38 

.06 

10 

9 

103 

81 

10 

<2 

<2 

<2 

3.79 

DH-2 

#1 

A 

.24 

3.36 

.56 

.20 

<.01 

14 

19 

48 

78 

6 

<2 

<2 

<2 

3.64 

Control 

B 

.34 

3.44 

.48 

.20 

<.01 

3 

22 

86 

74 

7 

<2 

<2 

<2 

3.64 

2 

DH-1 

#3 

A 

.26 

2.96 

.35 

.44 

.03 

27 

7 

102 

166 

10 

2.5 

14.1 

<2 

3.39 

B 

.24 

2.90 

.30 

.43 

.03 

26 

7 

75 

164 

11 

2.6 

13.1 

<2 

3.03 

DH-4 

#5 

A 

.17 

3.28 

.39 

.27 

.14 

9 

14 

76 

112 

10 

2 

<2 

<2 

3.56 

B 

.14 

3.22 

.37 

.27 

.14 

9 

14 

63 

102 

9 

2.5 

<2 

<2 

3.28 

3 

DH-4 

#4 

A 

.24 

3.35 

.43 

.33 

.20 

11 

16 

72 

180 

12 

<4 

<4 

<4 

3.92 

B 

.20 

3.42 

.34 

.28 

.16 

7 

14 

128 

160 

11 

<2 

<2 

<2 

3.89 

5 

DH-2h 

A 

.26 

3.75 

.40 

.19 

.06 

7 

55 

48 

163 

9 

<4 

<4 

<4 

4.56 

B 

.18 

3.55 

.33 

.19 

.19 

3 

31 

27 

163 

7 

<4 

<4 

<4 

3.05 

DH-31 

A 

.15 

2.90 

.54 

.21 

.07 

46 

37 

103 

111 

7 

<2 

3.6 

<2 

3.42 

B 

.14 

2.98 

.57 

.20 

.07 

44 

32 

136 

103 

5 

<2 

2.2 

<2 

3.39 

6 

DH-3g 

A 

.21 

3.68 

.33 

.19 

.19 

15 

30 

231 

177 

9 

<4 

<4 

<4 

3.86 

B 

.19 

3.72 

.31 

.18 

.26 

15 

33 

105 

159 

9 

<2 

3.5 

<2 

3.86 

DH-4i 

A 

.19 

3.36 

.24 

.15 

.17 

10 

41 

74 

108 

11 

<2 

<2 

<2 

4.37 

B 

.24 

3.10 

.22 

.16 

.18 

3 

49 

89 

93 

12 

<2 

2.7 

<2 

4.20 

7 

DH-3h 

A 

.18 

3.26 

.29 

.16 

.14 

14 

35 

60 

151 

6 

<2 

3.6 

<2 

3.50 

B 

.15 

3.28 

.27 

.16 

.15 

10 

29 

101 

190 

6 

<2 

3.6 

<2 

3.16 

8 

DH-4K 

A 

.16 

3.34 

.23 

.19 

.18 

4 

29 

164 

216 

7 

<2 

3.9 

<2 

3.25 

B 

.17 

3.30 

.24 

.17 

.16 

6 

27 

112 

179 

8 

<2 

3.1 

<2 

2.49 

Note:   As,  Se  and  Pb  fell  below  10  ppm  (the  detection  limit). 
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Table  8 

Laboratory  characterization  data 

(preplant  analyses) 


Site 

DTPA 

Ext. 

NaHCOj 

NH4OAC 

ECxl0J 

Samp: 

Le 
sr 

Depth 
(feet) 

PH 

(PP 

m) 

P 

(ppm) 

K 

(ppm) 

O.M. 
(percent) 

(mmhos/ 
cm) 

SAR 

C.E.C. 
(meq/lOOg) 

ESP 

Percent 

Numbi 

Fe 

Zn 

Mn 

Gu 

S 

Si 

C 

DH-1 

ill 

0  -  0.5 

8.0 

12.0 

2.8 

5.1 

0.80 

0.30 

144.0 

2.20 

0.27 

0.2 

15.06 

0.9 

53.4 

28.8 

17.8 

DH-1 

n 

0.5-   3.5 

8.2 

4.0 

2.3 

3.4 

.40 

.30 

72.0 

1.25 

.41 

.6 

21.25 

2.2 

27.8 

43.6 

28.6 

DH-1 

#3 

3.5-   7.0 

8.9 

3.8 

2.2 

1.6 

.58 

.30 

98.4 

.45 

.75 

5.7 

18.44 

7.7 

32.6 

40.2 

27.2 

DH-1 

#4 

7.0-  10.0 

I/8"4 

I/8"2 

-'7.8 

4.8 

2.2 

1.2 

.76 

.30 

134.4 

.55 

2.99 

5.1 

18.75 

6.7 

33.4 

41.8 

24.8 

DH-1 

a 

42.0-  50.6 

12.6 

2.9 

2.2 

3.04 

30.38 

84.0 

.85 

1.02 

.5 

9.25 

2.9 

14.4 

57.8 

27.8 

DH-1 

b 

52.5-  58.0 

29.4 

5.5 

16.4 

3.72 

0 

122.4 

1.70 

2.08 

.4 

24.38 

1.4 

24.0 

33.4 

42.6 

DH-2 

#1 

0  -    .75 

8.6 

10.8 

2.2 

7.0 

.84 

0 

187.2 

1.70 

.53 

.3 

18.63 

1.2 

48.2 

31.6 

20.2 

Control 

DH-2 

#2 

0.75-   5.0 

8.9 

3.6 

2.2 

2.3 

.56 

0 

69.6 

.75 

.56 

4.9 

17.94 

7.2 

35.2 

40.8 

24.0 

DH-2 

#3 

5.0-   9.0 

8.5 

4.2 

2.2 

1.4 

.68 

31.88 

91.2 

.45 

5.70 

10.0 

18.75 

16.0 

36.0 

39.2 

24.8 

DH-2 

#4 

9.0-  10.0 

8.0 

-'8.3 

3.4 

2.2 

1.0 

.44 

24.38 

79.2 

.40 

8.62 

8.1 

17.06 

11.0 

DH-2 

a 

27.1-  48.0 

12.0 

3.2 

21.0 

3.80 

0 

88.8 

1.20 

1.67 

1.0 

17.56 

2.1 

10.0 

55.0 

35.0 

DH-2 

b 

58.0-  75.0 

8.3 

30.0 

3.8 

1.2 

3.52 

0 

72.0 

.92 

.99 

.5 

11.56 

3.5 

21.0 

53.4 

25.6 

DH-2 

c 

75.0-129.5 

8.4 

21.0 

3.1 

1.6 

.52 

0 

60.0 

.50 

1.28 

.5 

5.63 

6.9 

65.0 

24.4 

10.6 

DH-2 

d 

129.5-146.9 

8.6 

22.2 

2.4 

1.3 

.32 

5.63 

36.0 

.20 

1.02 

.5 

3.56 

6.7 

79.0 

12.6 

8.4 

DH-2 

e 

166.5-177.3 

8.3 

40.8 

2.9 

3.6 

.96 

.38 

103.2 

1.10 

1.05 

.6 

11.19 

3.3 

47.2 

32.6 

20.2 

DH-2 

f 

177.3-204.5 

8.4 

36.6 

5.6 

1.2 

11.80 

0 

300.0 

1.40 

1.45 

1.8 

47.25 

1.9 

17.8 

28.2 

54.0 

DH-2 

8 

204.5-217.5 

8.8 

30.6 

2.2 

1.7 

3.60 

0 

134.4 

.55 

1.15 

4.6 

15.88 

5.6 

22.4 

53.4 

24.2 

DH-2 

h 

217.5-252.1 

9.5 

13.8 

2.5 

1.0 

.32 

0 

96.0 

.25 

1.00 

7.0 

16.25 

7.5 

f9.0 

13.2 

17.8 

DH-2 

i 

252.1-263.8 

8.9 

19.2 

4.0 

1.4 

1.08 

0.38 

120.0 

1.10 

1.36 

5.4 

11.75 

6.1 

53.8 

28.2 

18.0 

DH-2 

J 

263.8-271.4 

9.1 

9.6 

3.4 

.5 

.36 

0 

79.2 

.20 

1.27 

4.7 

9.38 

7.4 

71.6 

14.6 

13.8 

DH-2 

k 

271.4-303.4 

8.4 

21.0 

2.4 

1.8 

.36 

0.38 

28.8 

.45 

1.62 

2.5 

2.69 

11.0 

71.2 

19.0 

9.8 

DH-3 

#1 

0  -   2.0 

8.4 

9.0 

2.0 

5.8 

.80 

0 

117.6 

1.05 

.35 

.3 

23.94 

.9 

34.8 

35.8 

29.4 

DH-3 

#2 

2.0-   5.0 

8.6 

4.6 

1.9 

3.7 

.56 

1.88 

84.0 

.55 

.39 

2.0 

13.75 

4.0 

33.2 

38.6 

28.2 

DH-3 

#3 

5.0-  10.0 

8.8 

6.1 

2.0 

5.8 

.48 

1.88 

93.6 

.28 

.64 

5.3 

19.69 

5.6 

31.4 

38.6 

30.0 

DH-3 

a 

13.6-  25.1 

9.4 

9.6 

2.3 

1.0 

1.12 

0 

165.6 

.20 

1.44 

14.0 

33.75 

12.0 

17.4 

42.4 

40.2 

DH-3 

b 

25.1-  28.6 

9.4 

17.4 

2.3 

4.6 

.96 

0 

117.6 

.40 

1.89 

13.0 

11.00 

16.0 

25.2 

52.4 

22.4 

DH-3 

c 

28.6-  38.7 

9.8 

39.6 

2.3 

4.5 

10.00 

0 

187.2 

.40 

1.46 

15.0 

24.44 

22.0 

8.8 

47.4 

43.8 

DH-3 

d 

40.5-  47.4 

10.0 

37.8 

2.6 

2.6 

3.44 

1.88 

252.0 

.28 

1.03 

16.0 

33.75 

36.0 

23.2 

41.2 

35.6 

DH-3 

e 

47.4-  55.0 

9.9 

42.0 

2.3 

1.8 

2.80 

.38 

194.4 

.15 

1.12 

15.0 

20.13 

37.0 

48.0 

27.4 

24.6 

DH-3 

f 

55.0-  65.2 

9.9 

48.6 

3.8 

6.3 

11.00 

0 

204.0 

.45 

1.44 

19.0 

21.81 

35.0 

16.8 

45.0 

38.2 

DH-3 

g 

65.2-  71.7 

9.8 

52.2 

2.6 

3.9 

4.40 

0 

117.6 

.40 

1.63 

25.0 

10.19 

35.0 

33.6 

47.8 

18.6 

DH-3 

h 

71.7-  86.9 

9.9 

40.2 

3.3 

2.4 

.60 

1.88 

127.2 

.25 

1.86 

24.0 

23.44 

39.0 

57.0 

25.2 

17.8 

DH-3 

i 

86.9-102.6 

9.6 

57.0 

3.1 

7.6 

1.64 

1.88 

105.6 

1.25 

1.96 

20.0 

9.94 

32.0 

39.6 

39.6 

20.8 

DH-3 

J 

102.6-123.9 

9.9 

34.2 

3.0 

1.4 

6.20 

2.63 

196.8 

.25 

1.43 

15.0 

25.25 

36.0 

22.8 

42.4 

34.8 

DH-3 

k 

123.9-164.1 

9.8 

31.8 

2.8 

3.8 

3.16 

1.88 

96.0 

.45 

2.74 

22.0 

6.50 

23.0 

58.2 

24.6 

17.2 

DH-3 

1 

164.1-184.2 

9.1 

18.0 

2.6 

2.5 

.24 

1.88 

24.0 

.28 

1.75 

6.1 

12.50 

3.6 

81.8 

11.4 

6.8 

DH-3 

m 

184.2-200.1 

9.5 

52.2 

4.1 

16.2 

2.76 

1.88 

144.0 

1.50 

1.49 

21.0 

11.81 

30.0 

20.2 

51.6 

28.2 

DH-3 

n 

200.1-210.9 

9.1 

19.8 

2.7 

2.5 

.48 

1.88 

40.8 

.70 

1.76 

17.0 

2.38 

26.0 

67.8 

22.8 

9.4 

DH-3 

0 

225.4-254.1 

9.5 

40.8 

3.1 

7.0 

2.00 

1.88 

81.6 

.70 

2.10 

35.0 

3.44 

44.0 

24.2 

50.2 

25.6 

DH-4 

#1 

0-1.8 

8.6 

28.2 

2.2 

13.8 

1.04 

0 

144.0 

1.10 

.62 

2.4 

29.88 

2.5 

27.4 

28.4 

44.2 

DH-4 

#2 

1.8-   3.0 

8.8 

4.7 

2.0 

1.4 

.80 

1.88 

79.2 

.70 

1.82 

10.0 

26.31 

12.0 

23.8 

36.8 

39.4 

DH-4 

#3 

3.0-   5.0 

8.3 

5.0 

2.1 

1.8 

1.04 

7.13 

132.0 

.45 

6.29 

12.0 

26.25 

12.0 

26.0 

36.6 

37.4 

DH-4 

#4 

5.0-   8.5 

8.2 

5.8 

2.1 

1.4 

.84 

2.63 

156.0 

.25 

7.33 

12.0 

27.94 

11.0 

27.2 

35.0 

37.8 

DH-4 

#5 

8.5-  13.0 

8.5 

5.2 

2.1 

1.3 

.80 

1.83 

100.8 

.25 

3.17 

14.0 

17.00 

16.0 

22.0 

48.4 

29.6 

DH-4 

a 

13.0-  22.6 

9.4 

10.2 

2.0 

1.8 

.56 

.38 

100.8 

.20 

1.04 

11.0 

15.69 

6.1 

24.8 

47.4 

27.8 

DH-4 

b 

22.6-  36.5 

9.9 

37.8 

2.2 

4.3 

5.20 

1.88 

192.0 

.20 

1.02 

14.0 

22.25 

27.0 

16.0 

45.4 

38.6 

DH-4 

c 

36.5-  47.2 

9.8 

40.2 

4.7 

15.2 

6.60 

1.88 

134.4 

.35 

1.71 

25.0 

8.63 

36.0 

21.0 

49.8 

29.2 

DH-4 

d 

47.2-  57.0 

9.9 

51.6 

5.6 

2.6 

16.40 

1.88 

286.0 

.45 

2.21 

27.0 

35.06 

39.0 

18.2 

36.6 

45.2 

DH-4 

e 

57.0-  66.3 

10.0 

36.0 

2.2 

5.0 

3.16 

1.88 

108.0 

.20 

1.28 

20.0 

13.44 

40.0 

31.0 

44.2 

24.8 

DH-4 

f 

66.3-  69.5 

9.9 

44.4 

5.9 

6.0 

11.00 

1.88 

177.6 

.50 

1.40 

19.0 

22.50 

37.0 

27.6 

24.6 

47.8 

DH-4 

g 

69.5-  74.0 

9.9 

42.0 

3.9 

5.84 

6.80 

2.63 

136.8 

.61 

1.44 

22.0 

13.44 

37.0 

9.2 

61.4 

29.4 

DH-4 

h 

74.0-  82.1 

10.0 

39.0 

3.0 

2.7 

10.00 

7.13 

182.4 

.20 

1.39 

21.0 

21.25 

42.0 

32.6 

33.6 

33.8 

DH-4 

i 

84.8-  92.5 

10.0 

43.2 

5.0 

3.7 

14.40 

2.63 

211.2 

.28 

1.38 

19.0 

25.00 

39.0 

12.0 

39.2 

48.8 

DH-4 

J 

95.5-111.3 

9.7 

58.2 

3.1 

3.8 

8.00 

7.13 

163.2 

.40 

1.50 

25.0 

15.94 

36.0 

11.4 

55.8 

32.8 

DH-4 

k 

111.3-120.4 

9.9 

52.8 

3.5 

19.0 

3.16 

10.13 

139.2 

1.80 

1.64 

24.0 

13.75 

34.0 

11.8 

59.8 

28.4 

DH-4 

1 

120.4-192.0 

9.9 

18.6 

2.6 

2.6 

.40 

10.13 

57.6 

.20 

1.53 

21.0 

6.31 

39.0 

71.8 

18.4 

9.8 

DH-4 

m 

192.0-773.7 

9.8 

58.8 

5.1 

3.0 

8.40 

7.63 

218.4 

1.10 

1.70 

23.0 

28.75 

38.0 

15.2 

42.6 

42.2 

1/ 

pH  -  1:5  solution. 
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Postharvest  soil 

analysis 

on  se 

lected  samples 

Plant 

available 

DTPA  Ext. 

ECxlO 
(mmhos/cm) 

Sample 

Number 

(ppir 
P 

0 
K 

(ppm) 

PH 

C.E.C. 

ESP 

SAR 

ppm 

Cluster 

Zn 

Fe 

Mn 

Cu 

Cd 

Ni 

Pb 

B 

Mo 

1 

DH-1  #1 

22 

140 

0.4 

6.2 

7.5 

0.5 

<0.1 

0.6 

0.5 

7.4 

2.0 

15.7 

<1.0 

1.6 

0.7 

<0.05 

DH-4  #1 

13 

146 

.3 

7.7 

8.5 

1.0 

<  .1 

.5 

1.0 

7.6 

2.5 

29.8 

1.7 

2.9 

.7 

<  .05 

DH-2  #1 

28 

200 

.4 

12.7 

37.4 

.8 

<.l 

1.1 

.7 

6.7 

2.8 

16.7 

<1.0 

1.1 

.7 

<  .05 

Control 

2 

DH-1  //3 

32 

140 

.1 

2.0 

8.3 

.6 

<.l 

.4 

.6 

7.8 

3.5 

17.3 

4.0 

5.8 

1.5 

-.35 

DH-4  #5 

5 

90 

.3 

4.8 

3.9 

.8 

<.l 

.2 

1.3 

7.5 

5.1 

15.0 

12. 7 

13.2 

.3 

.05 

3 

DH-4  #4 

1 

167 

.4 

5.9 

4.9 

.9 

<.l 

.3 

.7 

7.6 

10.2 

26.2 

11.5 

13.0 

.4 

<  .05 

5 

DH-2h 

3 

108 

2.4 

12.1 

5.3 

.8 

<.l 

.3 

1.7 

7.8 

3.6 

13.2 

4.5 

6.3 

.4 

<.05 

DH-31 

11 

38 

1.8 

14.2 

4.5 

.3 

<.l 

.2 

.5 

7.2 

4.8 

1.4 

7.1 

4.0 

.9 

<  .05 

6 

DH-3g 

25 

128 

2.2 

49.8 

9.1 

4.4 

<.l 

.1 

2.4 

8.1 

6.0 

13.7 

31.4 

31.3 

.8 

.06 

DH-41 

8 

241 

9.8 

38.0 

8.5 

10.0 

<.l 

.4 

6.5 

8.1 

5.8 

25.4 

30.3 

36.3 

1.0 

.15 

7 

DH-3h 

16 

113 

3.0 

38.0 

10.1 

.9 

<.l 

.2 

1.9 

7.9 

6.0 

19.6 

27.0 

31.9 

.8 

.13 

8 

DH-4k 

11 

162 

4.3 

45.0 

52.2 

7.0 

<.l 

.9 

1.7 

7.9 

7.3 

15.4 

26.6 

27.6 

.9 

.34 

Note:   As  and  Se  fell  below  the  detection  limit  of  <0.5  ppm. 
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correlates  well  with  preplant  vs.  postharvest  analyses  which 
show  a  decrease  in  available  zinc  for  soil  materials  and  are 
unchanged  or  increase  in  geologic  overburden  material.   Chap- 
man (1966)  reported  zinc  deficiency  symptoms  in  oats  and  corn 
at  levels  of  less  than  20  ppm  and  9-15  ppm  respectively. 
While  samples  DH-1-1,  DH-1-3,  DH-4-1,  and  DH-A-5  are  within 
this  deficiency  range,  the  wheatgrass  grown  showed  no  defi- 
ciency symptoms.   It  should  be  kept  in  mind  that  species 
vary  greatly  in  their  need  and  tolerance  of  micronutrients. 
Heil  and  Deutsch  (1980)—  have  shown  zinc  response  on  west- 
ern wheatgrass  (Agropyron  smithii)  grown  on  soil  and  geologic 
overburden  materials  from  the  Bureau  of  Land  Management's 
McCallum,  Colorado  site.   Samples  from  Lay  Creek  appear  to 
be  very  similar  in  physical  and  chemical  characteristics  to 
McCallum  samples  and  therefore  have  the  potential  to  be  zinc 
deficient. 

2.   Total  concentrations  of  the  elements  studied  in  plant  tis- 
sue appear  to  be  well  within  published  tolerance  ranges  for 
most  agronomic  crops  (Chapman  1966;  Gough  and  Shacklette 
1976)  and  therefore  acceptable  from  a  plant  growth  and  en- 
vironmental quality  point  of  view. 

It  appears  that  good  correlation  exists  between  preplant,  postharvest 
and  plant  tissue  analyses  on  all  samples  tested.   It  appears  that  any 
changes  which  occurred  as  a  result  of  weathering  during  the  greenhouse 
experiment  were  not  of  a  magnitude  which  would  affect  plant  growth. 


1/      Data  to  be  presented  in  final  report  of  the  EMRIA-McCALLUM,  Colo- 
rado site  results. 
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Overburden  Samples  from 

Lay  Creek,  Colorado-EMRIA  Study  Areas 


United  States  Department  of  the  Interior 
Bureau  of  Reclamation 
Engineering  and  Research  Center 
Materials  Science  Section 
Denver,  Colorado 


RESULTS  OF  LABORATORY  WEATHERING  TESTS  CONDUCTED 
ON  CORE  SAMPLES  FROM  LAY  CREEK,  COLORADO^' 


Laboratory  weathering  and  outdoor  exposure  tests  were  conducted  on 
overburden  core  samples  from  the  Lay  Creek,  Colorado,  study  area.   The 
purpose  of  these  tests  was  to  determine  which  materials  would  break  down 
sufficiently  to  allow  for  their  possible  use  as  planting  media  in  revege- 
tation  of  strip-mined  areas. 


Test  Procedures 

Specimens  for  the  laboratory  weathering  and  outdoor  exposure  tests 
were  cut  from  core  samples  submitted  by  Mr.  Greg  Brockman,  code  D-737 
on  May  3,  1979. 

The  purpose  of  including  outdoor  exposure  tests  was  to  determine  if 
any  correlation  could  be  drawn  between  this  type  of  weathering  and  the 
laboratory  weathering  conditions. 

A  laboratory  weathering  cycle  consisted  of  the  following  conditions 

1.  8  hours  at  23.9°  C  (75°  F) ,  100  percent  relative  humidity 
(wet ting /thawing) 

2.  16  hours  (64  hours  on  weekends)  at  37.8°  C  (100°  F)  ,  10 
percent  relative  humidity  (drying) 

3.  8  hours  at  23.9°  C  (75°  F) ,  100  percent  relative  humidity 
(wetting) 

4.  16  hours  (64  hours  on  weekends)  at  -17°  C  (0°  F)  (freezing) 

In  this  study,  core  specimens  about  50  mm  (2  in)  in  diameter  by  50 
mm  (2  in)  in  length  were  used.   For  testing  and  handling,  the  core  speci- 
mens were  placed  on  a  No.  10  mesh  screen  in  400-ml  plastic  beakers. 

Laboratory  weathering  tests  were  started  on  June  11,  1979,  and  20 
laboratory  weathering  cycles  were  completed  on  August  9,  1979.   Outdoor 
exposure  tests  commenced  on  June  8,  1979,  and  will  continue  for  one  year, 


Test  Results 

Test  results  are  summarized  in  table  L-l,  and  shown  visually  in  fig- 
ures L-l  through  L-9. 


1/   Progress  Report  FY-80, 
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At  completion  of  the  laboratory  weathering  tests,  a  percent  break- 
down value  (%BD)  was  determined  for  the  specimens.   This  value  listed 
under  the  remarks  column  in  the  table  was  derived  as  follows. 

%BD  =  (™  -  IW>  (100) 

TW 

where       TW  =  total  specimen  weight 

IW  =  weight  of  original  specimen  remain- 
ing intact  after  testing 

Of  the  nine  samples  tested,  two  sandstone  materials  (L-2  and  L-9  ex- 
hibited little  or  no  breakdown  at  all. 

The  following  materials  appeared  to  have  broken  down  sufficiently  to 
be  considered  for  possible  use  as  planting  media:   sandstone  samples  L-3 
and  L-5;  and  shale  samples  L-4  and  L-6. 

With  regard  to  the  outdoor  exposure  tests,  the  samples  exhibited 
very  little  change  during  the  three  months  of  summer  weathering.   These 
samples  will  be  evaluated  and  photographed  after  one  year  of  exposure 
(June  1980)  and  the  results  furnished  at  that  time  to  code  D-737. 
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Table  L-l 

Weathering  tests 

Core  samples  from  Lay  Creek,  Colo. 


Laboratory 

Sample  I.D. 

Remarks 

Sample 

Sample 

Depth 
(feet) 

Number 

Laboratory  weathering 

%BD 

Outdoor 

Reference 

L-l 
L-2 
L-3 

L-4 

L-5 

L-6 

L-7 

L-8 

L-9 


Shale  DH-1 

Sandstone  DH-1 

Sandstone  DH-2 

Shale  DH-2 

Sandstone  DH-3 

Shale  DH-3 

Siltstone  DH-3 

Siltstone  DH-4 

Sandstone  DH-4 


42. 0-  50.6 

84.5-110.8 

129.5-146.9 

177.3-204.9 

71.7-  86.9 
102.6-123.9 

225.4-254.1 

95.5-111.3 

120.4-192.0 


Some  slaking  at  20  cycles. 

No  change  at  20  cycles. 

Scouring  at  15  cycles.  Considerable 
weathering  at  20  cycles. 

Some  slaking  at  5  cycles.  Consider- 
able slaking  at  15  cycles. 

Considerable  slaking  at  5  cycles. 

Considerable  slaking  at  5  cycles. 

Some  surface  slaking  at  5  cycles. 

Some  delamination  at  15  cycles. 
Some  surface  slaking  and  delamination 

at  5  cycles.   Considerable  slaking 

at  15  cycles. 
No  change  at  20  cycles. 


38  No  change  at  3  months. 

0  No  change  at  3  months. 

100  No  change  at  3  months. 

100  Slight  slaking  at  3  months. 

100  Some  cracking  at  3  months. 

100  Some  cracking  and  slight  slaking 
at  3  months . 

61  No  change  at  3  months. 

100  Some  surface  slaking  at  3  months. 


J) No  change  at  3  months. 


See  Figure  L-l 
See  Figure  L-2 
See  Figure  L-3 

See  Figure  L-4 

See  Figure  L-5 
See  Figure  L-6 

See  Figure  L-7 

See  Figure  L-8 

See  Figure  L-9 
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Figure  L-l 
Results  of  weathering  tests  for  shale  sample  L-l.   Specimen  A 
subjected  to  20  laboratory  weathering  cycles;  specimen  B  sub- 
jected to  3  months  of  outdoor  exposure. 


C^ 


a.   Original  condition  ot  test  specimens 


1  253    1   I  8 


b.   Condition  of  test  specimens  after  weathering, 
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Figure  L-2 
Results  of  weathering  tests  for  sandstone  sample  L-2.   Specimen 
A  subjected  to  20  laboratory  weathering  cycles;  specimen  B  sub- 
jected to  3  months  of  outdoor  exposure. 


a.   Original  condition  of  test  specimens 


b.   Condition  of  test  specimens  after  weathering, 
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Figure  L-3 
Results  of  weathering  tests  for  sandstone  sample  L-3.   Specimen 
A  subjected  to  20  laboratory  weathering  cycles;  specimen  B  sub- 
jected to  3  months  of  outdoor  exposure. 
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a.   Original  condition  of  test  specimens, 


» 


1  253     1  20 


b.   Condition  of  test  specimens  after  weathering, 
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Figure  L-4 
Results  of  weathering  tests  for  shale  sample  L-4.   Specimen  A 
subjected  to  20  laboratory  weathering  cycles;  specimen  B  sub- 
jected to  3  months  of  outdoor  exposure. 


a.   Original  condition  of  test  specimens, 


b.   Condition  of  test  specimens  after  weathering, 
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Figure  L-5 
Results  of  weathering  tests  for  sandstone  sample  L-5.   Specimen 
A  subjected  to  20  laboratory  weathering  cycles;  specimen  B  sub- 
jected to  3  months  of  outdoor  exposure. 


Original  condition  of  test  specimens 


L5A 


M      12  5  3     12  2 


b.   Condition  of  test  specimens  after  weathering, 
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Figure  L-6 
Results  of  weathering  tests  for  shale  sample  L-6.   Specimen  A 
subjected  to  20  laboratory  weathering  cycles;  specimen  B  sub- 
jected to  3  months  of  outdoor  exposure. 


fl^SI 


a.   Original  condition  of  test  specimens, 


L6  A 


» 


i      1 253     1 23 


b.   Condition  of  test  specimens  after  weathering, 
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Figure  L-7 
Results  of  weathering  tests  for  siltstone  sample  L-7.   Specimen 
A  subjected  to  20  laboratory  weathering  cycles;  specimen  B  sub- 
jected to  3  months  of  outdoor  exposure. 


a.   Original  condition  of  test  specimens, 


1 253     1 2  4 


b.   Condition  of  test  specimens  after  weathering, 
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Figure  L-8 
Results  of  weathering  tests  for  siltstone  sample  L-8.   Specimen 
A  subjected  to  20  laboratory  weathering  cycles;  specimen  B  sub- 
jected to  3  months  of  outdoor  exposure. 


a.   Original  condition  of  test  specimens. 


LJA 


1  253  '  1 35 


b.   Condition  of  test  specimens  after  weathering. 
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Figure  L-9 
Results  of  weathering  tests  for  sandstone  sample  L-9.   Specimen 
A  subjected  to  20  laboratory  weathering  cycles;  specimen  B  sub- 
jected to  3  months  of  outdoor  exposure. 
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a.   Original  condition  of  test  specimens. 
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b.   Condition  of  test  specimens  after  weathering, 
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FINAL  RESULTS  OF  WEATHERING  TESTS  CONDUCTED, 
ON  CORE  SAMPLES  FROM  LAY  CREEK,  COLORADO-  - 


One-year  outdoor  exposure  tests  were  completed  on  overburden  core 
samples  from  the  Lay  Creek,  Colorado,  study  area.   The  testing  period 
was  from  June  8,  1979  through  June  8,  1980.   During  this  period  of  time 
the  specimens  were  subjected  to  about  356  mm  (14  inches)  of  precipita- 
tion.  Results  after  3  months  of  weathering  were  furnished  in  Applied 
Sciences  Referral  Memorandum  Report  No.  79-1-21,  dated  December  7,  1979. 

The  purpose  of  including  outdoor  exposure  tests  was  to  determine  if 
any  correlation  could  be  drawn  between  this  type  of  weathering  and  accel- 
erated laboratory  weathering  previously  reported  in  memorandum  No.  79-1-21 


Test  Results 

Test  results  are  summarized  in  table  1  and  shown  visually  in  fig- 
ures 1  through  3. 

At  the  completion  of  the  outdoor  exposure  tests,  a  percent  break- 
down value  (%BD)  was  determined  for  the  specimens.   This  value  listed 
under  the  remarks  column  in  the  table  was  derived  as  follows. 

%BD  -  (TW  "  IW)  (100) 
TW 

where       TW  =  total  specimen  weight 

IW  =  weight  of  original  specimen  remain- 
ing intact  after  testing 

In  addition,  the  percent  by  weight  passing  a  No .  10  mesh  screen  was 
determined  for  the  specimens. 

Of  the  9  specimens  tested,  2  sandstone  materials,  L-2  and  L-9 ,  ex- 
hibited little  or  no  breakdown  at  all.   The  other  7  specimens  exhibited 
various  degrees  of  weathering,  but  only  3  attained  the  soil  texture  neces- 
sary as  a  planting  medium  (minimum  of  30  percent  by  weight  passing  a  No. 
10  screen).   The  3  specimens  included  shale  sample  L-l,  sandstone  sample 
L-3,  and  shale  sample  L-A. 

With  regard  to  the  correlation  between  laboratory  and  outdoor  weather- 
ing, the  same  type  of  breakdown  of  the  specimens  was  observed  in  both 
cases.   However,  based  upon  the  percent  breakdown  value  (%BD) ,  the  out- 
door weathering  was  slightly  more  severe. 


1/   Progress  Report  FY-80. 

2/  Applied  Sciences  Referral  Memorandum  No.  80-1-18 
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Table  1 
Results  of  1-year  outdoor  weathering  for  core  samples 
from  Lay  Creek,  Colo- 


Remarks 


Laboratory 

Sample  ! 

[.D. 

Sample 
Number 

Sample 

Depth 
(feet) 

L-l 

L-2 
L-3 
L-4 
L-5 
L-6 
L-7 

Shale     DH-1 
Sandstone  DH-1 
Sandstone  DH-2 
Shale     DH-2 
Sandstone  DH-3 
Shale     DH-3 
Siltstone  DH-3 

42.0-  50, 
84.5-110, 

129.5-146, 

177.3-204, 
71.7-  86, 

102.6-123. 

225.4-254, 

,6 
,8 
,9 
,9 
,9 
,9 
,1 

L-8 

Siltstone  DH-4 

95.5-111, 

,3 

L-9 

Sandstone  DH-4 

120.4-192, 

,0 

Outdoor  weathering 


%BD 


Passing 

No.  10 

screen 

(percent) 


Reference 


Considerable  slaking  at  1  year.  100 

No  change  at  1  year.  0 

Specimen  very  friable  at'l  year.  100 

Considerable  slaking  at  1  year.  100 

Considerable  slaking  at  1  year.  100 

Considerable  slaking  at  1  year.  77 

Considerable  slaking  and  delamination  60 

at  1  year. 

Considerable  slaking  and  delamination  74 

at  1  year. 
No  change  at  1  year. 0_ 


79 
0 
94 
90 
5 
2 
9 


See  Figure 
See  Figure 
See  Figure 
See  Figure 
See  Figure 
See  Figure 


See  Figure  3 


3       See  Figure  3 
0       See  Figure  3 
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Figure  1 
Results  of  weathering  tests  for  shale  sample  L-l,  and  sandstone 
samples  L-2  and  L-3  subjected  to  12  months  of  outdoor  exposure. 


a.   Original  condition  of  test  specimens, 
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b.   Condition  of  test  specimens  after  weathering. 
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Figure  2 
Results  of  weathering  tests  for  shale  samples  L-A  and  L-6,  and 
sandstone  sample  L-5  subjected  to  12  months  of  outdoor  expo- 
sure. 


a.   Original  condition  of  test  specimens. 


^tt 
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b.   Condition  of  test  specimens  after  weathering. 
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Figure  3 
Results  of  weathering  tests  for  siltstone  samples  L-7  and  L-8, 
and  sandstone  sample  L-9  subjected  to  12  months  of  outdoor  ex- 
posure. 


a.   Original  condition  of  test  specimens 
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b.   Condition  of  test  specimens  after  weathering, 
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Vegetation  Found  Within  The 
Lay  Creek  Study  Area 


This  appendix  includes  the  symbols,  scientific  names,  and  common  names 
of  plant  species  occurring  within  the  Lay  Creek  Study  Area. 


United  States  Department  of  the  Interior 
Bureau  of  Land  Management 
District  Office 
Craig,  Colorado 


Appendix   G 
Vegetation 


Symbol 

Scientific  names 

Common  names 

Grasses 

Agcamz 

Agn.opyn.on  zaminum  majuA 

latiglumz 

Slender  wheatgrass 

Agri 

Agn.opyn.on  nA.panA.um 

Streambank  wheatgrass 

Agsm 

Agn.opyn.on  6miXhii 

Western  wheatgrass 

Agsp 

Agn.opyn.on  6pizatum 

Bluebunch  wheatgrass 

Agrop 

Kgn.opyn.on  6pp. 

Wheatgrasses 

Brte 

Bn\omuA  tzc.ton.um 

Cheatgrass 

Carex  spp. 

Canzx  6pp. 

Sedges 

Elci2 

ElymuA  CA.nzn.zuA 

Basin  wild  rye 

Feov 

Vz6tuza  ovina 

Sheep  fescue 

Juncus  spp. 

JunzuA  6pp. 

Rush  species 

Kocr 

KozLzni.0.  zniAtata 

Prairie  junegrass 

Orhy 

0n.yzop6t6  hymznoidz6 

Indian  ricegrass 

Posa3 

Poa  6and.bzn.git 

Sandberg  bluegrass 

Poa  spp . 

Poa  6pp. 

Native  bluegrass 

Sihy 

Sttanton  hy6tni.x 

Squirrel  tail 

Stco4 

Stipa  comata 

Needle  and  thread 
grass 

Stle4 

Stipa  IztZznmanii 

Letterman  needlegrass 

Stipa  spp. 

Stipa  6pp. 

Needlegrasses 

Forbs 

Allium  spp. 

AlZium  6pp. 

Wild  onion 

Arfe 

An.znani.a  ^zndlznA 

Fendler  sandwart 

Aster  spp. 

A6tzn.  6pp. 

Aster 

Astra 

A6tn.agaluA  6  pp. 

Milkvetch 

Cheno 

Ckznopodium  6pp. 

Goosef oot 

Ciar4 

CinAium  anvznAZ 

Canada  thistle 

Colli 

CollinAia  6pp. 

Collinsia 

Colu 

Con.dylanth.uA  lutznA 

Birdbeack 

Crypt 

Cn.yptantha  6  pp. 

Cryptantha 

Descu 

t>Z6zuAainia  6  pp. 

Annual  mustard 

Erige 

Eni.gzn.on  6pp. 

Prairie  fleabane 

Eriog 

EnAogonum  6pp. 

Wild  buckwheat 

Grsq 

Gnlndztia  6quanJto6a 

Curlycup  gumweed 

Haplo 

HaplopappuA  6pp. 

Goldenweed 

Hebo 

Hzdy6an.um  bon.zalz 

Northern  sweetvetch 

Hirl 

Hizn.acium  albi^lonxxm 

White  hawkweed 

Lare 

Lappula  n.zdou)6kii 

Blue  bur  stickseed 

Lomat 

Lomatium  6pp. 

Biscuit  root 

Luar3 

LupinuA  angzntzuA 

Silvery  lupine 

Opuntia  spp. 

Opuntia  6pp. 

Prickly  pear  cactus 

Peca4 

PznAtzmon  zazpito6uA 

Mat  penstemon 

Phho 

Phlox  noodii 

Hoods  phlox 

Phlo2 

Phlox  longi^otia 

Longleaf  phlox 

Phau5 

Phy6ania  cU.dumocan.pa 

didymoc.an.pa 

Twinpod 

Spco 

Sphaznalzza  zozci.nza 

Globe  mallow 

Trdu 

Tn.agopogon  dubiuA 

Yellow  salsify 

Shrubs 

Amal2 

Amzlanzhizn.  alnifiola 

Serviceberry 

Arlo 

AnXzmidia  longiloba 

Alkali  sagebrush 

Ararn 

AnXzmi6ia  anbuAzuta  nova 

Black  sagebrush 
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Vegetation  (continued) 


Symbol 


Scientific  names 


Common  names 


Shrubs  (continued) 

Art  em 

Artr2 

Atco 

Atrip 

Chna 

Chvi 

Ephed 

Eula5 

Gusa2 

Putr2 

Save  4 

Teca2 
Trees 

Juos 
PPGG 

PPFF 
SSSS 

T 


khX2mL6i.a.  6pp. 
Atit2m-i6-ia  tsvldnntcuta. 
kVvLpLax  con^oAZl^otia. 
A&iiplzx  6pp. 
Chft.y6othamnuJ>  na.un>zo6ii6 
ChAyAotkamnuA   vi6QA.diitoK.ix6 
Eph&dAR  6pp. 
EuAotsLa  lanata. 

GuJitA.llKA2.zi.CL   6CLh.0tllK.0i2 

PuAaIvlcl  tsiidentcLta 
SaJico  batuA  v2Kmi.cuJ.cLtii6 
T '  oXKadymia  can2^>c.2n6 

JimipoAut)  06t2.06pQ.nma 


Sagebrush 

Big  sagebrush 

Shadscale 

Saltbush 

Rubber  rabbitbrush 

Douglas  rabbitbrush 

Mormon  tea 

Winterfat 

Broom  snakeweed 

Antelope  bitterbrush 

Black  greasewood 

Gray  horsebrush 

Utah  juniper 
Other  perennial 

grasses 
Other  perennial  forbs 
Other  shrubs 
Trace 
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